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L’INFLUENCE DU RAPPORT HAUTEUR COURONNE / LONGUEUR IMPLANT 
SUR LA RESORPTION OSSEUSE CRESTALE DANS LES SEGMENTS 
POSTÉRIEURS DES MAXILLAIRES.  
UNE ÉTUDE PROSPECTIVE SUR 10 ANS. 
 
 
Objectif :  Évaluer l’influence du rapport hauteur couronne / longueur 
implant sur la résorption osseuse crestale dans les segments 
postérieures des maxillaires. 
 
Matériel et méthode : Un total de 192 implants dentaires a été placé, puis restauré 
par des prothèses fixées. Des données radiographiques et 
cliniques ont été collectées un an après la pose des implants et 
lors de l’évaluation clinique la plus récente. Les restaurations 
d’implants ont été divisées en trois groupes selon leur rapport 
couronne  clinique / implant: (a) 0-0.99, (b) 1-1.99, (c) ≥ 2. 
 
Résultats:  La perte moyenne de la crête osseuse était de 0.34 ± 0.27 mm 
(Groupe a),  0.03 ± 0.15 (Groupe b), et 0.02 ± 0.26  (Groupe 
c) (P = 0.009). 
 
Conclusions:  Des restaurations implantaires avec un important rapport 
hauteur couronne / longueur implant peuvent être utilisées 





Les implants dentaires sont largement établis en tant qu’option thérapeutique 
fiable pour le traitement de patients totalement ou partiellement édentés (Adell et al. 
1981; Lekholm et al. 1994; Buser et al. 1997; Weber et al. 2000; Romeo et al. 2004). 
D’anciennes études cliniques  au sujet des implants dentaires ont observé une perte 
moyenne d’os crestal allant de 0.9 à 1.6 mm, se produisant durant la première année 
d’utilisation, tandis que fut rapportée une perte annuelle moyenne d’os entre 0.05 et 
0.13 mm pour la période consécutive (Adell et al. 1981; Lindquist et al. 1988). Il en 
résulte qu’une faible perte annuelle moyenne de la crête osseuse est compatible avec le 
succès à long terme d´une restauration implantaire (Albrektsson et al. 1986). Ces 
observations ont également été rapportées dans le cas du système implantaire ITI. Des 
études radiographiques longitudinales avec des implants ITI ont démontré une perte de 
la crête osseuse entre 0.6 et 1.09 mm pendant la première année, passant ensuite à 0.2 
mm par année (Weber et al. 1992; Behneke et al. 1997; Brägger et al. 1998; Mericske-
Stern et al. 2001). 
La région postérieure de la bouche peut représenter des difficultés particulières 
pour une réhabilitation implantaire. La résorption de la crête alvéolaire, la proximité du 
nerf alvéolaire inférieur ou du plancher du sinus, une faible densité osseuse, ainsi que 
d’importantes  forces occlusales, créent un environnement clinique qui pourraient 
mettre en danger le succès biologique et biomécanique, à long terme, d´une restauration 
implantaire. Les publications concernant les changements radiographiques du niveau de 
la crête osseuse autour des implants placés dans les segments postérieures sont rares. 
Des études à long terme des implants ITI ont démontré que la diminution moyenne 
annuelle de la crête osseuse autour des implants placés dans la région postérieure était 
inférieure à 0.1 mm (Brägger 1998; Weber et al. 2000; Mericske-Stern et al. 2001; 
Romeo et al. 2004). Néanmoins, on a également pu observer que sous certaines 
conditions, les implants dentaires subissaient une perte annuelle de la crête osseuse > 
0.2 mm (Weber et al. 1992; Brägger 1998; Carlsson et al. 2000; Mericske-Stern et al. 
2001). Cette perte a été associée à différents facteurs, tels que le sexe (Ahlquist et al. 
 7
1990), les traumatismes chirurgicaux (Lekholm et al. 1986), l’accumulation de  plaque 
dentaire (Lindquist et al. 1988; Lindquist et al. 1996), le tabagisme (Lindquist et al. 
1996; Hultin et al. 2000; Bain et al. 2002), la dimension biologique (Hermann et al. 
1997), la densité osseuse (Adell et al. 1981; Ahlquist et al. 1990), le design de l’implant 
(Buser et al. 1997) et certains facteurs biomécaniques (Lindquist et al. 1988; Isidor 
1997; Brunski 1999; Wood & Vermilyea 2004). 
Plusieurs paramètres cliniques parodontaux ont été proposés comme marqueurs 
diagnostiques pour évaluer le succès de l’implant, comme par exemple, l’indice de 
plaque modifié, le saignement au sondage ou le degré d’inflammation des tissus moux 
péri-implantaires. Un sondage péri-implantaire est également un moyen diagnostic 
efficace dans la détection d’inflammation ou d’infection péri-implantaire (Albrektsson 
& Isidor 1994). En revanche, ces paramètres ne permettent pas de détecter les 
changements au niveau de la crête osseuse (Weber et al. 2000). Outre ces paramètres 
cliniques, la mobilité de l’implant a également été considérée comme un marqueur utile 
dans le diagnostic d´échecs implantaires. La valeur du PERIOTEST® (PTV) (Siemens, 
Bensheim, Germany) permet de déterminer de faibles degrés de mobilité implantaire, et 
ainsi d’évaluer le statut d’ostéo-intégration de l’implant (Olive & Aparicio 1990; 
Teerlinck et al. 1991). 
La relation entre la perte de la crête osseuse et une charge non axiale a pu être 
établie à partir de modèles théoriques mathématiques (Weinberg & Kruger 1996), des 
études in vitro (Tashkandi et al. 1996; Sertgoz & Guvener 1996), des études effectuées 
sur des animaux (Barbier & Schepers 1997) et d’études cliniques à court terme (Adell et 
al. 1986; Lindquist et al. 1988). Cependant, les études cliniques à long terme semblent 
être en désaccord avec ces observations (Lindquist et al. 1996). 
Les décalages entre les résultats d’études à court et à long terme pourraient  être 
attribués au processus de remodelage osseux permanent qui se produit autour d´un 
implant dentaire (Brunski 1999). 
Un rapport couronne / implant défavorable peut être considéré comme une forme 
de charge non-axiale (Rangert et al. 1997 ; Glantz & Nilner, 2000). Selon le placement 
apico-coronal du repère du fulcrum, on peut estimer deux types de rapport couronne / 
implant. Dans le cas du rapport couronne / implant anatomique, le scénario 
biomécanique semble beaucoup plus favorable, le bras de levier étant plus court que 
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dans le cas du rapport couronne / implant clinique. Le rapport couronne / implant 
clinique propose toutefois une situation clinique bien plus réaliste, dans la mesure ou la 
liaison entre l’implant et la restauration est, d´un point de vue de bras de levier, plus 
rigide que l’interface entre l’os et l’implant, en raison de la viscoélasticité de l’os 
(Sekine et al. 1986 ; Sutter et al. 1993). Il est raisonnable de supposer qu’une 
restauration implantaire associant une longue couronne à un implant court engendre un 
rapport moins favorable. Plus longue est la couronne, plus long est le bras de levier, et 
par conséquent, plus marquée est la contrainte sur la crête osseuse. 
Actuellement, on ne dispose que de peu d’informations sur l’influence du 
rapport couronne / implant sur la survie d’implants. Récemment, pour le système 
d´implants Brånemark, on a établi une corrélation positive entre piliers longs et perte de 
la crête osseuse pendant les six premiers mois après la mise en charge, bien que cette 
tendance diminuait avec le temps (Naert et al. 2001). Une autre étude (Rokni et al.  
2005) a évalué l’influence du rapport couronne / implant sur le niveau de la crête 
osseuse péri-implantaire. Dans cette étude, la moyenne du rapport couronne / implant 
était d’1.5 (entre 0.8 et 3 ), et les auteurs ont conclu que ce rapport  n’avait pas 
d’influence sur la perte osseuse marginale. 
La sélection des meilleurs choix prothétiques pour restaurer les implants 
dentaires chez des patients partiellement édentés est toujours basée sur l’empirisme, les 
modèles mathématiques et les extrapolations de principes basés sur la prothèse 
conventionnelle. Les ponts avec élements en extension et les solidarisations 
prothétiques font également partie de ces choix. Néanmoins, malgré le vaste éventail de 
possibilités, peu d’études comparatives se sont penchées sur les résultats cliniques et 
radiographiques associés aux différentes modalités prothétiques (Wood & Vermilyea 
2004) et il y a un manque de données fondées sur les preuves scientifiques pour guider 
le clinicien dans son choix de la meilleure alternative pour chaque situation clinique.  
L’objectif de cette étude aborde cinq aspects différents : 1) évaluer à long terme 
les taux de survie et de succès d´implants ITI placés dans la région postérieure chez des 
patients partiellement édentés ; 2) déterminer les changements au niveau de la crête 
osseuse péri-implantaire et les associer à divers facteurs cliniques; 3) étudier les 
changements au niveau des tissus mous péri-implantaires au niveau de la mobilité 
implantaire, afin d’établir leur valeur en tant qu’indicateur de la perte de la crête 
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osseuse ; 4) évaluer l’influence du rapport couronne / implant sur le taux de survie des 
implants à long terme et sur la perte de crête osseuse d´implants ITI placés dans la 
région postérieure, et enfin, 5) évaluer l’influence des différentes modalités prothétiques 







 The possibility of anchoring oral implants to bone was first described by a 
Swedish group (Brånemark et al. 1969). In this experimental study, the authors 
demonstrated that titanium implants healed consistently with direct bone-to-implant 
contact. This biological phenomenon led to the formulation of a new nomenclature 
called osseointegration. A Swiss group of investigators later made similar findings and 
gave the phenomenon their own name: functional ankylosis (Schroeder et al. 1976).  
 Since these early reports, many studies have documented that implant integration 
can be achieved and maintained both in fully edentulous patients (Lindquist and 
Carlsson 1982; Lekholm 1983; Naert et al. 1988; Adell et al. 1990; Jemt 1994; Jemt et 
al. 1996; Lindquist et al. 1996; Naert et al. 1997; Glauser et al. 2005) and in partially 
edentulous patients, with both short-span bridges (van Steenberghe et al. 1990; 
Quirynen et al. 1992a; Bahat 1993; Jemt and Lekholm 1993; Zarb and Schmitt 1993; 
Lekholm et al. 1994; Eckert and Wollan 1998; Astrand et al. 2004; Vanden Bogaerde et 
al. 2004; Wennstrom et al. 2004b) and single-tooth indications (Andersson et al. 1995; 
Henry et al. 1996; Scheller et al. 1998; Becker et al. 1999; Kumagai et al. 1999; Priest 
1999; Mericske-Stern et al. 2001; Renouard and Nisand 2005).  
 
THE ITI DENTAL IMPLANT SYSTEM 
 
 The ITI implant system, based on the concept of a non-submerged dental 
implant, was born as a result of the collaboration between the University of Berne 
(Switzerland) and the Straumann Institute in the early 1970s. Osseointegration was 
demonstrated with this implant system in 1976 (Schroeder et al. 1976). In this study, ITI 
implants were placed in the mandibles of monkeys and followed until bone healing 
occurred. In the histological evaluation, the implants showed an ankylotic anchorage in 
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bone characterized by direct bone-to-implant contact. This finding was named 
functional ankylosis. 
Since then, the implant system has evolved. Between 1974 and 1985 there were 
predominantly two types of implants: the titanium plasma-sprayed screw and the Type 
F hollow-cylinder implant. Clinical documentation with the titanium plasma-sprayed 
screw demonstrated good long-term results in the fully edentulous patient (Krekeler et 
al. 1990; Mericske-Stern et al. 2000). The Type F implant showed discouraging long-
term results, due in part to its design. The presence of perforations close to the implant 
shoulder allowed the inflammatory process to enter the internal part of the fixture, thus 
perpetuating the infection (Versteegh et al. 1995). 
 In 1985, these two implants were modified and included in the ITI Dental 
Implant system. This system was characterized by several specific features: a plasma-
sprayed surface, Grade 4 cold-worked titanium, a simple prosthetic approach and a non-
submerged surgical approach. The system included three different implant designs: 
solid screw, hollow screw and hollow cylinder.  
In order to evaluate the performance of the improved implants, prospective long-
term studies in a wide variety of prosthetic situations were designed. The results of these 
reports revealed an overall cumulative survival rate varying from 93% to 99% (Buser et 
al. 1990; Buser et al. 1991b; Mericske-Stern et al. 1994; Wismeyer et al. 1995; Buser et 
al. 1997; Moberg et al. 1999; Mericske-Stern et al. 2001; Romeo et al. 2004). These 
findings established the high long-term predictability and the favorable results of the ITI 
non-submerged implant system.  
 
CRESTAL BONE LOSS AROUND DENTAL IMPLANTS 
 
 Crestal bone loss around dental implants is considered to be one of the major 
problems in the long-term success of an implant restoration. The first longitudinal 
reporton crestal bone loss was conducted by a Swedish group (Adell et al. 1981). In this 
study, a total of 2,768 dental implants restored with fixed detachable prostheses were 
followed over a 15-year period (1965–1980). Implant restorations were classified into 
three chronological groups according to implant placement: The development group 
(1965-1971), the Routine group I (1971-1976) and the Routine group II (1976-1980). In 
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each of these periods, three phases of bone healing around implants were presented: 
first, the healing phase (3 months), in which osseointegration occurred; second, the 
remodeling phase (12–18 months), in which implants were submitted to occlusal load; 
and finally, the equilibrium phase, characterized by the absence of any major changes in 
bone anatomy. Crestal bone loss in each of the above-mentioned phases was also 
described (Table 1). According to the findings of this study, the crestal bone loss 
expected during the first year of implant function, which includes the healing and the 
remodeling phases, was 0.9 to 1.6 mm After this period, the expected crestal bone loss 
rate was estimated to vary from 0.05 to 0.13 mm annually. These rates were confirmed 
by later studies (Adell et al. 1986; Lekholm et al. 1986; Chaytor et al. 1991; Naert et al. 
1992a, Ferrigno et al. 2002) (Table 2).  
The use of dental implants in the partially edentulous patient presents important 
anatomical (Starshak and Sanders 1980), biomechanical (Weinberg 1993; Rangert et al. 
1997; Wood and Vermilyea 2004; Kim et al. 2005) and microbiological differences 
(Lekholm et al. 1986; Quirynen and Listgarten 1990). These differences are assumed to 
influence the rate and amount of crestal bone loss. Longitudinal studies on fixed partial 
implant-borne prostheses indicate that these differences do not appear to affect crestal 
bone loss rates (van Steenberghe et al. 1990; Quirynen et al. 1992a; Jemt and Lekholm 
1993; Lekholm et al. 1994; Glauser et al. 2005) (Table 3). 
Single implant restorations also offer some special biomechanical aspects when 
compared with restorations by fixed partial bridge. Unlike the partial fixed dentures, 
this type of implant restoration shows leverage in the three dimensions (Weinberg 
1993). Such a biomechanical trait could contribute to increased crestal bone stress 
around single-restored dental implants, thus affecting the amount and rate of crestal 
bone loss. However, several other studies demonstrate that crestal bone loss rates in 
single-tooth and full-arch fixed-detachable implant-supported restorations are similar 
Laney et al. 1994; Avivi-Arber and Zarb 1996; Henry et al. 1996; Karlsson et al. 1997; 
Kemppainnen et al. 1997; Palmer et al. 1997; Wennstrom et al. 2005) (Table 4). 
The amount of crestal bone loss around ITI dental implants has also been 
reported (Table 5). During the first year of function, bone loss ranges from 0.53 to 1.06 
mm, while thereafter the reported annual bone resorption is 0.1mm (Weber et al. 1992; 
Pham et al. 1994; Behneke et al. 1997; Brägger et al. 1998; Mericske-Stern et al. 2001; 
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Astrand et al. 2004). These observations correspond with the data published on other 
implant systems.  
Although all the above-mentioned studies reported a measurable amount of bone 
loss around dental implants over time, conversely, some also observed crestal bone 
gain. This positive bone response has been reported in several studies on totally 
edentulous (Adell et al. 1981; Quirynen et al. 1991), partially edentulous (Weber et al. 
1992, Quirynen et al. 1992a; Andersson et al. 1995; Avivi-Arber and Zarb 1996; 
Mericske-Stern et al. 2001). This finding has been attributed to the same factor causing 
crestal bone loss: bone stress (Adell et al. 1986; Roberts et al. 1987; Gerard et al. 1991; 
Perrot et al. 1991). It seems that the stress concentrated at the bone crest by masticatory 
forces may stimulate bone formation around some fixtures, while inducing bone loss in 
others. The threshold above which bone stress causes bone loss has not yet been 
clarified (Brunski 1999). However, some authors have suggested that this threshold may 
be genetically related (Rubin and McLeod 1990). 
 
ETIOLOGY OF CRESTAL BONE LOSS AROUND DENTAL IMPLANTS 
 
Several factors have been associated with crestal bone loss: age, gender, surgical 
trauma, plaque accumulation, tobacco, biological width, bone quality, bone quantity, 
implant design and biomechanical factors. 
1) Age and gender: Apart from when low sample size or special sample 
characteristics have led to similar results (Ahlquist et al. 1990; van Steenberghe et al. 
1990), the majority of studies have demonstrated that neither age nor gender is 
associated with fixture survival rates or crestal bone loss (Chaytor et al. 1991; Jemt et 
al. 1992; Palmqvist et al. 1994; Hutton et al. 1995; Brägger et al. 1998; Naert et al. 
2001; Marder et al. 2004)).  
2) Surgical trauma: Using a nontraumatic surgical technique is one of the 
requirements for successful osseointegration (Brånemark 1985). Indeed, implant bed 
preparation is a critical precursor to primary healing. This healing may be delayed if 
bone cells are injured by frictional heat during surgical preparation (Thompson 1958). 
The critical temperature that causes irreversible damage to bone cells has been 
established at 47º C (Eriksson and Albrektsson 1983). It has been shown that bone 
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tissue heated to 50º C for 1 minute or 47º C for 5 minutes will undergo necroses and 
resorption, and will be replaced by fat cells (Albrektsson 1980; Albrektsson and Linder 
1981; Eriksson et al. 1982). All these in vitro studies emphasize the importance of 
controlling surgical trauma in order to avoid impaired bone healing, and hence 
osseointegration failure. In order to reduce the bone necrosis caused by drilling at the 
implant site, internally irrigated drilling instruments have been proposed as an 
alternative (Sutter et al. 1992). Surgical trauma has also been associated with crestal 
bone remodeling around dental implants in several human longitudinal studies (Adell et 
al. 1981; Adell et al. 1986; Lekholm et al. 1986; Pham et al. 1994).  
 3) Plaque accumulation: Several animal and human studies have established a 
cause–effect relationship between microbial infection and peri-implant bone loss 
(Lindhe et al. 1992; Lang et al. 1993; Schou et al. 1993; Tillmanns et al. 1998; Baelum 
and Ellegard 2004; Mengel and Flores-de-Jacoby 2005). According to this line of 
investigation, bone loss occurs as a result of an inflammatory process affecting the 
tissues around the osseointegrated implant. This process has been defined as peri-
implantitis (Albrektsson and Isidor 1994).   
Plaque-induced fixture loss and crestal bone loss have been identified in human 
longitudinal studies of dental implants (Lindquist et al. 1988; van Steenberghe et al. 
1990; van Steenberghe et al. 1993; Lindquist et al. 1996; Hultin et al. 2000; Kourtis et 
al. 2004; Rosenberg et al. 2004). This confirms that bacterial contamination has an 
impact not only on crestal bone but also on the process of osseointegration. Brånemark 
insisted on the need for sterile conditions during implant placement in order to avoid 
failure of osseointegration (Brånemark 1985). Conversely, a report shows that loss in 
crestal bone height does not clearly correlate with parameters such as plaque index or 
gingivitis index (Quirynen et al. 1991). These controversial findings could be attributed 
either to differences in the methodology utilized in the studies or to the level of oral 
hygiene displayed by the patient sample.  
4) Tobacco: Smoking is associated with deleterious effects on the oral cavity. 
The influence of smoking on fixture osseointegration has been the subject of several 
studies in which smoking has been shown to have a detrimental effect on implant 
success (De Bruyn and Collaert 1994; Gorman et al. 1994; Bain 1996; Hultin et al. 
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2000; Kourtis et al. 2004; Oates et al. 2004; Penarrocha et al. 2004; Nitzan et al. 2005) 
and on crestal bone levels (Haas et al. 1996; Lindquist et al. 1996; Hultin et al. 2000).  
 5) Biological width: Crestal bone loss around dental implants during the first 
months after fixture placement and abutment connection has been observed in numerous 
longitudinal evaluations of submerged dental implant systems. Early studies attributed 
this loss to the remodeling of the perifixtural bone after surgical trauma and to the hard 
tissue reaction to loading (Adell et al. 1986; Lekholm et al. 1986). More recently, 
however, scientific research has revealed that this loss occurs in part because of tissue 
accommodation around the dental fixture to obtain a proper biological width. 
Accordingly, a certain width of periimplant mucosa is required to enable proper 
epithelial-connective tissue attachment (Abrahamsson et al. 1996). Animal studies on 
submerged implants indicate that the length of the junctional epithelium around 
implants is 2.1 mm, while that of the collar of connective tissue is 1.8 mm, resulting in a 
biological width of approximately 3.9 mm. (Berglundh et al. 1991; Berglundh and 
Lindhe 1996). Similar dimensions have been reported around non-submerged dental 
implants (Cochran et al. 1996; Cochran et al. 1997). Direct comparison of the 
establishment of the biological width between submerged and non-submerged implants 
demonstrates that the loss appears to be independent of the surgical approach, and 
seems to be associated with apico-coronal placement of the implant shoulder (Hermann 
et al. 1997; Fiorellini et al. 1999). 
 According to these studies, a biological width of approximately 3 mm appears to 
settle around dental implants. This measurement, together with the apico-coronal 
position of the microgap, will modulate the amount of bone resorption during the first 
month after placement in non-submerged implants, and during the first month after 
abutment connection in submerged implants.  
6) Bone quality: Short-term longitudinal studies indicate that implants placed in 
the maxilla, where poor bone quality is present, are associated with more crestal loss 
than implants placed in locations with better bone characteristics (Adell et al. 1981; 
Ahlquist et al. 1990). However, during extended observational periods these differences 
are no longer present in either the totally (Jemt 1991; Jemt 1994; Jemt and Lekholm 
1995; Jemt et al. 1996; Ferrigno et al. 2002) or the partially edentulous patient 
(Quirynen et al. 1992a;  Kemppainen et al. 1997; Brägger et al. 1998; Naert et al. 2001;  
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Abboud et al. 2005; Glauser et al. 2005; Luongo et al. 2005). According to these data, 
differences in crestal bone loss rates between implants placed in good and poor quality 
bone may be present in the healing and remodeling phases of the treatment, but not after 
longer periods of observation. 
7) Bone quantity: The degree of jaw resorption has been considered as a 
possible risk factor for fixture failure. Indeed, many studies have associated fixture loss 
with resorption of the alveolar ridge (van Steenberghe et al. 1990; Bahat 1993; Lekholm 
et al. 1994; Hutton et al. 1995; Jemt and Lekholm 1995; Snauwaert et al. 1999). This 
finding was attributed to insufficient osseointegrated surface impeding the proper 
bearing of occlusal forces (Himmlova et al. 2004).  
In contrast to these findings, other groups found no differences in fixture loss 
when the amount of jaw resorption forced the operator to use short fixtures (Buser et al. 
1997; Feldman et al. 2004; Fugazzotto et al. 2004; Griffin and Cheung 2004; Nedir et 
al. 2004; Renouard and Nisand 2005). These results were attributed to the use of 
implants with rough surfaces, which provided a greater surface area for 
osseointegration, and thus improved the occlusal load capacity of the implant 
(Tortamano et al. 2004). 
Little information is available on the influence of the amount of jawbone 
resorption on the average crestal bone loss. However, the majority of studies suggest 
that crestal bone loss is not influenced by implant length (Quirynen et al. 1992a ; Jemt 
et al. 1996; Brägger et al. 1998; Renouard and Nisand 2005). 
8) Implant design: Occlusal load on threaded implant designs induces less bone 
stress around the entire periphery of the fixture surfaces than on smooth implant designs 
(French et al. 1989; Deines et al. 1993; Geng et al. 2004; Lee et al. 2005). This 
characteristic gives the threaded design better long-term implant stability. In a 
multicenter study of 2,359 implants, the threaded implant design tended to show better 
survival rates than the smooth design (Buser et al. 1997). The authors attributed this 
small difference to the better primary stability provided by the threaded design, 
especially in sites with a loose trabecular pattern.  
Short-term clinical evaluations show that crestal bone loss is similar among 
different implant threaded designs (Pham et al. 1994). However, the follow-up of this 
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study only covered 2 years. Mid- and long-term follow-up surveys are needed to 
evaluate the influence of threaded designs on crestal bone loss around implants. 
9) Biomechanical factors: When considering any load-bearing implant in bone, 
it is important to understand not only the mechanics of stress transfer at the interface, 
but also the biological response of the interfacial tissues to these stresses. The exact 
nature of the mechanical stimuli resulting in bone destruction or deposition and the 
biological response to such stimuli is difficult to establish. Different clinical scenarios 
could lead to internal stresses on the implant-abutment-bone interface complex, which 
could influence the amount and rate of crestal bone loss around dental implants 
(Kitamura et al. 2004). Among theses are occlusal overload, non-axial loading, 
prosthesis misfit, occlusal surface material, splinting, prosthesis retention mode 
(cemented screw-retained) and C/I ratio. 
9-1) Occlusal overload: Non-physiological occlusal load, such as 
clenching and grinding, could lead to an overload of the implant-bone complex. 
Unfortunately, the amount of overload necessary to cause mechanical or 
biological failure of the implant restorations has not yet been determined 
(Brunski 1999; Wood and Vermilyea 2004). There is evidence in the literature 
that osseointegration responds to occlusal overload with bone resorption. The 
perifixtural crestal bone loss as a result of occlusal overloading has been studied 
in vitro (Koca et al. 2005)  and in the animal model (Hoshaw et al. 1994; Isidor 
1996; Isidor 1997). This bone loss has been attributed to microscopic cracks in 
the bone matrix (Chamay 1970; Carter and Hayes 1977). Contrary to these 
findings, others have observed that occlusal overload does not cause any bone 
resorption around osseointegrated implants (Ogiso et al. 1994). These 
controversial results may perhaps be attributed to the surface of the implants 
utilized in the two studies. While in the latter study implants had a 
hydroxyapatite surface, in the former the fixtures had a machined surface. 
Hydroxyapatite has been shown to provide a greater amount of osseointegration 
(Buser et al. 1990). This greater bone-to-implant surface contact could provide a 
better distribution of the occlusal forces from the implant surface to the bone, 
diminishing the amount of stress on the implant-bone interface, and 
consequently, bone stress on the periphery of the implant. 
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There are few human studies evaluating the relationship between bruxism 
(a form of occlusal overload) and crestal bone loss around dental implants. 
However, from the observations made in the limited number of human 
investigations, it could be concluded that, although tooth clenching may be 
associated with crestal bone loss in short-term longitudinal evaluations, this 
relationship seems to disappear in longer follow-up periods (Lindquist et al. 
1988; Lindquist et al. 1996).  
9-2) Types of implant load: Loading of an implant fixture can be 
classified into two types: axial and non-axial. These two types of loading are 
completely different in nature. The axial force is more favorable, as it distributes 
stress more evenly throughout the implant, while non-axial loading exerts stress 
gradients on the implants as well as on bone (Rangert et al. 1989). 
Mastication mainly exerts primarily vertical forces on the dentition. 
However, the horizontal motion of the mandible and the inclination of the tooth 
cusps also create transverse forces. These forces are transferred through the 
prosthesis into the fixture and, finally, into the bone. Theoretical mathematical 
models have been proposed to explain the influence of different clinical 
scenarios on torque moments, which develop non-axial forces, and to provide 
guidance on diagnosis and treatment planning  (Skalak 1983; Weinberg and 
Kruger 1995; Weinberg and Kruger 1996; Rangert et al. 1997). These models 
attempt to establish the relationship of different prosthetic factors to the torque 
moment of the implant. However, they may not correspond to the more complex 
clinical scenario.  
Histological evaluation of the periimplant bone response to non-axial 
loading in the animal model revealed that dental implants submitted to a short-
term non-axial load showed a more dynamic bone remodeling response than 
implants submitted to an axial load (Barbier and Schepers 1997). According to 
this study, non-axial loading should cause crestal bone loss. However, animal 
trials with longer follow-ups have demonstrated that the direction of the occlusal 
overload appears to have little influence on crestal bone levels (Celletti et al. 
1995). 
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Human studies evaluating the role of non-axial loading on implant 
survival or crestal bone loss have focused on the use of cantilever extensions. 
The cantilever length is the length of the superstructure projecting distally from 
the most distal implant. This prosthetic parameter is considered an important 
factor in the transfer of force that results from an occlusal load through the 
implants to the supporting bone (Skalak 1983). The effect of the cantilever 
length on the bone–implant interface has been evaluated in several in vitro 
studies. The results of these reports show that the greatest bone strain occurred 
on the most distal implant (White et al. 1994; Sertgoz and Guvener 1996; 
Tashkandi et al. 1996; Yokoyama et al. 2004). Greater crestal bone loss was 
reported to occur around implants with longer cantilevers in short-term studies 
(Adell et al. 1986; Lindquist et al. 1988), although these effects seem to 
disappear with longer follow-ups (Lindquist et al. 1996; Romeo et al. 2004; 
Wennstrom et al. 2004b) This phenomenon may be attributed to the continuous 
remodeling of bone around the fixtures, which could allow loading stress 
adaptation to non-axial loading over time (Brunski 1999). 
9-3) Prosthesis misfit: Passive fit of the prosthesis framework onto the 
implant fixture has been described by some authors as an important requirement 
for the short- and long-term success of implant-borne restorations (Zarb and 
Symington 1983; Worthington et al. 1987). Long-term follow-up studies have 
reported the occurrence of prosthetic complications related to component failure 
or fracture and also possible delayed loss of osseointegration between bone and 
implant (Adell et al. 1981; Adell et al. 1990; Zarb and Schmitt 1990c). 
Detrimental effects on the long-term survival of implant-supported 
rehabilitations are linked to the fact that implants lack periodontal ligaments and 
for this reason do not possess the adaptive movement potential of natural 
abutment teeth (Richter 1989). In this clinical scenario, the presence of distorted 
dental castings or inaccurate implant-abutment connections may introduce stress 
when gold alloy screws are tightened down. Given the fact that no casting will 
present a completely passive fit at a micron level (Smedberg et al. 1996), it is 
important to determine the threshold above which implant complications may 
occur.  
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Evidence-based information on the influence of framework misfit on 
crestal bone stress around implants has been evaluated in the animal model. 
Dental implants placed in rabbit tibias and restored with a prosthetic 
superstructure with 150 µm misfit caused bone deformation, predominantly 
localized between the implants (Jemt and Lekholm 1998). Based on these 
observations, the authors attributed the crestal bone loss occasionally observed 
after prosthesis insertion to this bone deformation. Contrary findings have been 
reported in human longitudinal mid-term studies evaluating whether prosthesis 
misfit is associated with] crestal bone loss; these showed that a certain 
prostheses misfit (100-150 µm) does not seem to be correlated with greater 
crestal bone loss (Jemt and Book 1996). According to these results, the bone 
deformation caused by a mild prosthesis misfit (100-150 µm) may not be 
sufficient to induce crestal bone loss around dental fixtures.  
9-4) Occlusal surface material: In order to maintain long-term 
osseointegration of implants, it is critical to limit induced stresses to a minimum 
(Adell et al. 1981). For this reason, the use of a shock-absorbing material such as 
acrylic resin on occlusal surfaces of implant-supported prostheses is 
recommended (Skalak 1983). The soft resilient properties of the resin should 
reduce the stress transmission to bone, thus preventing bone resorption and 
micro fractures at the implant–bone interface (Skalak 1983). Indeed, in vitro 
studies show that acrylic reduces impact force by 50% compared with porcelain 
or metal alloys (Gracis et al. 1991). However, this reduction does not seem to 
occur with higher bone stress patterns (Cibirka et al. 1992; Sertgoz 1997). 
The influence of different occlusal surface materials on bone behavior 
around dental implants has also been tested in animal and human studies. As 
with some of the in vitro observations, the use of porcelain or acrylic as occlusal 
surface materials did not influence the crestal bone height around the fixtures 
(Naert et al. 1992a; Hurzeler et al.1995; Naert et al. 2001).  
9-5) Splinting: Although splinted implant restorations offer a better 
scenario for occlusal load distribution  (Mericske-Stern 1997; Rangert et al. 
1997; Vanden Bogaerde et al. 2004; Naert et al. 2004), longitudinal clinical 
studies have revealed that single implant restorations behave similarly to fixed 
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partial implant-borne prostheses. Fixture loss, crestal bone loss and prosthetic 
behavior have been reported to be similar in single restored implants and 
splinted fixed restorations (Adell et al. 1981; Adell et al. 1986; Lekholm et al. 
1986, Chaytor et al. 1991; Andersson et al. 1998; Henry et al.1996; Mericske-
Stern et al. 2001; Glauser et al. 2005; Renouard and Nisand 2005). These 
findings demonstrate that, under normal favorable bone conditions, splinted 
restorations in the partially edentulous patient are not required. 
9-6) Mode of prosthesis retention:  Rehabilitation of totally edentulous 
jaws with dental implants was initially performed with screw-retained implant-
supported prostheses (Adell et al. 1981). This fixation approach was selected in 
view of the need for retrievability, even though occlusion and esthetics had to be 
sacrificed. As knowledge increased and techniques advanced, implant survival 
rates rose from 50% to 90% (Adell et a1. 1990). With the increase in survival 
rate, the need for retrievability was no longer clinically significant, and the 
cemented approach became a widespread alternative. Cemented restorations 
offer several advantages over screw-retained prostheses, including retrievability 
(Breeding et al. 1992), as well as superior occlusion, esthetics, passivity and 
loading characteristics (Hebel and Gajjar 1997). Few researchers have attempted 
to test these obvious occlusal and biological considerations in the clinical 
environment in long-term longitudinal studies. Several reports reveal that 
implant survival rates, crestal bone loss and prosthetic complications with 
cemented implants restorations are similar to those reported with screw-retained 
restorations (Anderson et al. 1995; Henry et al. 1996; Singer and Serfaty 1996; 
Levine et al. 1999; Vigolo et al. 2004). However, further research is still needed 
to evaluate the long-term influence of screw-retained vs. cemented-retained 
implant restorations on crestal bone loss.  
9-7) C/I Ratio:  
The crown-to-root ratio (C/R ratio) is a measurement which relates the 
length of tooth occlusal to the alveolar crest with the length of root embedded in 
bone. Depending on the landmark, two different measures can be established 
(Fig. 1). For the anatomical C/R ratio, the anatomic portions (crown and root) 
are defined by the location of the cemento-enamel junction, while for the clinical 
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C/R ratio the clinical portions are defined by the level of supporting bone (Penny 
and Kraal 1979). The latter seems to provide a more realistic clinical scenario to 
determine the prognosis of a tooth which will serve as a retainer for a fixed 
partial denture (Reynolds 1968; Johnston et al. 1971; Shillinburg et al. 1976). 
According to these authors, the ideal clinical C/R ratio for a tooth to be utilized 
as a fixed partial denture is 1:2. A ratio of 1:1.5 is considered acceptable, and a 
C/R ratio of 1:1 is the lowest ratio acceptable for a prospective abutment under 
normal circumstances (Fig. 2).  
 These guidelines are based on the fact that as the bone undergoes 
resorption, as occurs in periodontal disease, the length of the clinical crown 
increases at the expense of the length of the root (Fig. 3). In this situation, the 
clinical crown acts as a lever arm, and the probability of harmful lateral forces 
damaging the periodontal support is increased (Shillinburg et al. 1976). Contrary 
to this theory, clinical studies demonstrate that fixed bridges with an unfavorable 
C/R ratio can be successfully maintained, provided that adequate periodontal and 
prosthetic principles are followed (Lundgren et al. 1975; Nyman and Lindhe 
1979; Nyman and Ericsson 1982). Despite some technical failures, these 
publications found that crestal bone levels remained stable during the entire 
observational period. These studies demonstrate that abutments with unfavorable 
C/R ratios (<1:1) do not prevent successful bridgework in natural dentition. 
 Although the C/R ratio is considered an important clinical factor in 
evaluating a prospective abutment for bridgework in the natural dentition, its 
relevance in implant dentistry has not yet been clarified. The predictable results 
offered by long-term clinical studies on implant restorations (Adell et al. 1990; 
Zarb and Schmitt 1990 a, b, c; Jemt and Lekholm 1993; Laney et al. 1994; Buser 
et al. 1997; Parein et al. 1997; Levine et al. 1999) and the high esthetic and 
functional demands of dental patients have precipitated the placement of 
increased numbers of implants with challenging design and management 
problems. 
 A challenging implant restoration design is frequently observed in the 
posterior mandible and posterior maxilla. First, the occlusal forces are higher in 
the posterior sextants (Kumagai et al. 1999), which leads to possible elevated 
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stress on components as well as on bone. In addition, due to bone resorption and 
to anatomical limitations (sinus floor in the maxilla and inferior alveolar canal in 
the mandible), the implant-supported prosthesis displays  a long restoration and 
a short fixture, causing a poor C/I ratio. In this clinical scenario, the portion of 
the restoration from the point of occlusal contact to the abutment-fixture junction 
acts as a lever arm, generating potentialy harmful bending moments at the 
fixture junction, and hence, at the bone–implant interface (Rangert et al. 1989; 
Rangert et al. 1997; Snauwaert et al. 1999; Glantz and Nilner 2000). This 
process could eventually lead to either crestal bone loss around the fixture or 
failure of the osseointegration. 
 It can be assumed that in implant dentistry a poor C/I ratio is more 
harmful to the prosthesis than to natural dentition, since implant-supported 
prostheses are biomechanically more susceptible to occlusal overload, partly due 
to the absence of the periodontal ligament, which is capable of accommodating 
distortions caused by bending moments. In fact, some authors have considered a 
C/I ratio lower than 1:1 as a contraindication for the use of dental implants (Haas 
et al. 1995; Moheng and Feryn 2005). 
 Like natural dentition, in implant dentistry two different types of C/I ratio 
can be established depending on the apico-coronal placement of the implant 
shoulder (Fig. 4). In the anatomical C/I ratio, the fulcrum of the lever arm is 
located at the implant shoulder. However, in the clinical C/I ratio, the fulcrum is 
located at the bone crest. The fact that some in vitro and in vivo studies have 
observed some degrees of freedom at the crown-implant interface after 
masticatory function explains the need to consider the implant shoulder as a 
possible fulcrum for the bending momment generated by an occlusal force  
(Simon 2003; Khraisat et al. 2004). These degrees of freedom may be caused by 
either abutment screw loosening or loss of cement bond.  
 The anatomical C/I ratio offers a more favorable biomechanical scenario, 
because the lever arm is shorter than in the clinical C/I ratio. The crestal bone 
loss induced by unfavorable C/I ratios occurs as a result of the bending moments 
among implant components generated by the masticatory forces. The mechanism 
of action depends on the type of C/I ratio considered (Fig. 5 and 6). The clinical 
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C/I ratio offers a more realistic clinical scenario, since the connection implant-
restoration at the implant shoulder is more rigid than the implant-bone interface, 
due to the elastic property of the bone (Sekine et al. 1986; Sutter et al. 1993). 
 According to these explanations, it is reasonable to state that implant 
restorations with long crowns and short fixtures display unfavorable C/I ratios 
(Fig. 7a and 7b). The higher the crown, the longer the lever arm, and 
consequently, the greater the bone crest stress. Unfortunately, little is known 
about the influence of the C/I ratio on implant survival, since the majority of the 
in vivo longitudinal studies omit this clinical variable. To the best knowledge of 
the author, in vitro and in vivo studies have only addressed the relationship of 
some forms of non-axial implant loading such as those present over cantilevered 
implant-born restorations (Lindquist et al. 1996; Romeo et al. 2004; Wennstrom 
et al. 2004b). Although an unfavorable C/I ratio is a form of non-axial loading, 
the biomechanical behavior is different from a cantilevered prosthesis. 
 More recently, it has been demonstrated that in the Brånemark system, 
long abutments were positively correlated with crestal bone loss during the first 
six months of loading, although this difference disappeared over time (Naert et 
al. 2001). Also, one study evaluated the influence of the C/I ratio on peri-
implant crestal bone levels. In this study the mean C/I ratio was 1.5 (range 0.8 to 
3), and the authors observed that this clinical ratio did not influence marginal 
bone loss around dental implants (Rokni et al. 2005). The purpose of this study 
was threefold:  
 
a) To evaluate the long-term success, crestal bone loss and soft-tissue peri-
implant stability of ITI dental implant restorations placed in the posterior 
region of the jaws of partially edentulous patients. 
 
b) To evaluate the long-term in vivo effect of the C/I ratio on implant success 
and radiographic crestal bone loss around ITI dental implant restorations. 
 
c) To evaluate the long-term effect of the following clinical variables on 
radiographic crestal bone loss around ITI dental implant restorations: age, 
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gender, bone quality, implant length, implant type, implant location, 








Since April 1989 the Dental School of the University of Geneva has been 
treating patients with the ITI implant system following a strict protocol of 
documentation which includes surgical, periodontal and prosthetic variables. All 
implants placed until January 1994 were part of a prospective clinical study on non-
submerged ITI implants1. For the purpose of this study, patients were selected according 
to the following inclusion criteria: 
a) Implants placed in the period from October 1989 to January 1994.  
b) Implants placed in the posterior maxilla and mandible (premolar and molar 
regions). 
c) Standard hollow cylinder, standard hollow screw, standard solid screw and 
narrow solid screw (3.3 mm diameter) implant designs. 
d) Partially edentulous patients. 
e) Implants restored by means of a fixed partial denture or a single crown. The 
provisional phase of the restoration was not allowed to exceed the second 
year of follow-up after implant placement. Provisional restorations were 
defined as full-acrylic restorations.  
 
PATIENT SAMPLE 
During the period from October 1989 and January 1994, 247 ITI dental implants 
were placed consecutively in the premolar and molar areas of 109 patients. The patient 
drop-out rate was 19.2% (21 patients), which accounted for 17.8% (44 implants) of the 
implants (Table 6). In addition, although radiographic evaluation showed favorable 
results, 2 patients (3 implants) were not included in the radiographic analysis due to the 
inability to observe clearly visible threads, while in 3 patients (8 implants) proper 
                                                 
1 Institute Straumann AG, Waldenburg, Switzerland. 
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measurements were not possible because radiographic examination was performed with 
panoramic films. The final sample included 192 implants placed in 83 patients. Mean 
age of the patients was 60.6 years (range 32.6 to 80.2 years). The study group included 
119 (62%) implants placed in women and 73 (38%) implants placed in men (Table 7). 
A total of 14 patients were smokers (16.8%): 5 of them were mild smokers (< 10 
cigarettes a day) whereas 9 were considered heavy smokers (>10 cigarettes a day). 
 
SURGICAL VARIABLES 
One surgeon, Dr. Jean-Pierre Bernard, following the same protocol, inserted all 
implants. A description of the surgical protocol used with the ITI implant system has 
been previously published (Buser et al. 1990). Prophylactic antibiotic therapy was given 
in the form of Augmentin2 or Dalacin3 when needed. Patients were advised to use a 
mouthrinse containing 0.12% chlorhexidine4 for 8 days after surgery, and beginning 
three days after surgery gentle mechanical oral hygiene was recommended. A 3-6-
month healing period was allowed before prosthetic loading. 
During the surgical intervention the following variables were recorded: 
a) Implant type (Table 8): Hollow-screw implants were preferred in standard 
situations, because they were believed to provide a larger surface for osseointegration 
(Schroeder et al. 1988). 153 (79.7%) dental implants were hollow-screw, 26 (13.5%) 
were hollow-cylinder, 9 (4.7%) were solid-screw, and 4 (2.1%) were reduced-diameter 
screw implants. 
b) Implant length (Table 9): Implant length was chosen according to the 
available bone and adjacent anatomical structures. The 10 mm long implant was used as 
a standard in the mandible and the maxilla; no attempt was made to engage all the 
available bone. Implants included in this study varied from 6 mm to 12 mm. No 
implants longer than 12 mm were used. Nearly half of the implants inserted were 6 or 8 
mm (43.8%). 
                                                 
2 Smithkline-Beecham, Malakoff, France 
3 Pharmacia & Upjohn, St Quentin, Soc, Ville Pays. 
4 Haweneos, Luzern, Switzerland 
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c) Implant location (Table 10): 139 (72.4%) implants were placed in the 
mandible and 53 (27.6%) in the maxilla. Eighty-eight implants (45.8%) replaced a 
premolar unit, while 104 (54.2%) replaced a molar unit. 
d) Bone quality (Table 11): Bone quality was determined by the operator, and 
was divided into three types: type I, very dense bone, corresponding to type I bone in 
the classification of Lekholm & Zarb 1985 type II, cortical and spongy bone (types II & 
III; Lekholm & Zarb 1985), and type III, very spongy bone (type IV; Lekholm & Zarb 
1985). Forty-one (21.4%) of the recipient sites displayed type I bone quality, 118 
(61.5%) showed type II quality, and only 33 (17.2%) showed type III bone quality. 
 
RADIOGRAPHIC VARIABLES 
Radiographic variables were identified in standardized periapical radiographs 
taken by an experienced radiologist one year after implant placement and every two 
years after implant placement with the long-cone technique and the Rynn system5. No 
further attempts were made at standardization. Radiographs were mounted on slides and 
projected on the screen with a magnification factor of 13x. From the series of periapical 
radiographs taken during the longitudinal evaluation, the first-year and the most recent 
radiographs were selected. The landmarks were taken twice, one week apart, by two 
examiners reaching consensus. Linear distances between landmarks were measured in 
mm. The following radiographic measurements were taken (Fig. 8): 
a) Crestal bone level (CBLE): The perpendicular distance from the implant 
shoulder to the first visible apical bone-to-implant contact in the mesial and 
distal aspect of the implant. An average mesio-distal CBLE (ACBLE) was 
calculated. 
b) Anatomical implant length (AIL): The perpendicular distance from the 
implant shoulder to the most apical aspect of the implant. 
c) Anatomical crown length (ACL): The perpendicular distance from the 
implant shoulder to the most coronal aspect of the crown.  
 
Precision of the radiographic measurements:  
                                                 
5 XCP Instruments, Rinn Corporation, Elgin, IL, USA 
 29
a) Crestal bone level (Table 12): A total of 1,536 readings were carried out. 
The mean difference of the radiographic assessments of mesial and distal 
crestal bone loss was 0.02 mm. 52% of the paired measurements were within 
± 0.25 mm, 82.5% were within ± 0.50 mm and 96. % were within ± 1 mm. 
The correlation between the first measurements and the second 
measurements was r=0.932 (Pearson’s correlation test). 
b) Anatomical crown length (Table 13): 384 readings were taken. All paired 
measurements were within ± 0.25 mm. The correlation between the first and 
second measurements was r=0.998 (Pearson’s correlation test). 
c) Anatomical implant length (Table 14): 768 readings were performed. All 
paired measurements were within ± 0.25 mm. The correlation between the 
first and the second measurements was r=0.996 (Pearson’s correlation test).  
Real measurements were calculated with the rule of three, using the real implant 
length as the reference. When the entire implant length was not displayed on the X-rays, 
the distance between threads was utilized as the reference. The following radiographic 
variables were calculated: 
 
a) Total crestal bone loss (TCBLO): Initial ACBLE – final ACBLE. 
b) Annual Crestal Bone loss (ABL): TCBLO / months of follow-up x 12. 
c) Anatomical C/I ratio (AC/I ratio): ACL /AIL. 




Since 1989 the Dental School of the University of Geneva has been collecting 
clinical variables associated with the longitudinal evaluation of implants. These 
variables were collected at 3, 6, and 12 months and every 2 years thereafter by a 
hygienist in the Oral Surgery department. 
a) Implant failure: Implant success criteria were defined as follows (Buser et 
al. 1990; Buser et al. 1997): a) absence of persistent subjective complaints, 
                                                 
6 Clinical crown height: the sum of the anatomical crown length plus the mean initial crestal bone loss.  
7 Clinical implant length: the anatomical implant length minus the mean initial crestal bone loss. 
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such as pain, foreign body sensation and/or dysaesthesia, b) absence of a 
recurrent peri-implant infection with suppuration, c) absence of mobility, e) 
absence of continuous radiolucency around the implant. 
b) Soft tissue periimplant variables (Fig. 9): 
PPI: Periimplant plaque index (Mombelli et al. 1987): Assessed at 4 sites 
(mesial, buccal, distal and oral).  
Score 0: No detection of plaque. 
Score 1: Plaque only recognized by running a probe across the smooth 
surface of the implant. 
Score 2: Plaque can be seen by the naked eye. 
Score 3: Abundance of soft matter. 
PSBI: Periimplant sulcus bleeding index (Mombelli et al. 1987): Assessed 
at 4 sites (mesial, buccal, distal and oral). 
Score 0: No bleeding when a periodontal probe is passed along the gingival 
margin adjacent to the implant. 
Score 1: Isolated bleeding spots visible. 
Score 2: Blood forms a confluent red line on gingival margin.  
Score 3: Heavy or profuse bleeding. 
PPD: Periimplant probing depth: Measured to the nearest mm with a Hu-
Friedy PGF-GFS periodontal probe8. 
DIM: Periimplant recession depth: Distance from the implant shoulder to 
the gingival margin was recorded to the nearest mm. In the presence of a 
subgingival implant shoulder, the measurement was recorded as a negative 
value. Measurements were taken with the same periodontal probe at the 
aforementioned 4 implant sites. 
PAL: Periimplant attachment level: Was calculated for each site by 
adding probing depth and recession depth. 
c) Periotest values (PTV’s): The Periotest9 method was utilized as previously 
described (Schulte 1986). Periotest values (PTV) were measured at the 
                                                 
8 Hu-Friedy, Chicago, IL, USA 
9 Siemens, Bensheim, Germany 
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crown–implant junction. Single crowns or partial fixed implant-borne 
prostheses were not removed because the majority were cemented. 
d) Prosthetic treatment modality: A period of 3-6 months of healing was 
allowed before prosthetic loading. Rehabilitation of the posterior region of 
the edentulous patients consisted of 156 implants (81.3%) restored with an 
implant-supported fixed partial denture, 26 (13.5%) restored with single-
tooth restorations and 10 (5.2%) with implant–tooth-supported fixed partial 
dentures (Table 15). One hundred thirty-nine implants (72.4%) were restored 
without a cantilever extension. Twenty-two (11.5%) of the implants 
presented a half-tooth distal cantilever extension, while only fourteen (7.3%) 
presented a one-tooth distal extension. Mesial extensions were present in 17 
implants (8.9%) (Table 16). Cemented prostheses were utilized in 138 




Descriptive analysis consisted of mean and standard deviation for all variables 
and each group. The number of implants was considered  the independent variable. 
Comparative analysis on annual crestal bone loss was performed in patients grouped 
according to age, gender, implant type, implant length, implant location, bone density 
and smoking status. Comparative analysis was also performed for groups classified by 
splinted/non-splinted implants, cantilevered/non-cantilevered implants and different C/I 
ratios. When the means of two groups were compared, the parametric unpaired t-test 
was utilized. Conversely, if three or more groups were compared, the one-way 
parametric analysis of variance test (ANOVA) was applied. The non-parametric 
Wilcoxon’s test was used for comparisons of two groups and the Kruskal-Wallis test for 
three or more groups when required (heterogeneity of variances according to Bartlett’s). 
For periimplant soft tissue parameters, the sample was divided into implants which 
gained and lost bone. The change in these parameters from the initial to the final 
examination was calculated for each group. For both anatomical and clinical C/I ratio, 
the implant sample was divided into three groups according to the ratios of the implant 
restorations. When anatomical C/I ratio was considered, the following groups were 
 32
designated: group a: ≤0.49; group b: 0.50-0.99; and group c: ≥1. When the clinical C/I 
ratio was studied, the following groups were outlined: a: 0–0.99 ; b: 1-1.99 ; and c: ≥2. 
P values of less than 0.05 were considered statistically significant. 
 
The following null hypotheses were tested: 
 
1. Implant failure rate is not influenced by the value of either the anatomical or 
the clinical C/I ratios.  
2. Implant restorations with different anatomical and clinical C/I ratios display 
similar crestal bone loss rates. 
3. Crestal bone loss is not associated with any of the following factors: age, 
gender, implant length, implant type, bone quality, smoking, splinting of the 
implants, presence of distal cantilever extensions, mode of prosthesis retention, 









Out of 192 fixtures, 4 implants (4 patients) failed, giving a cumulative survival 
rate of 97.9%. All failures were caused by the presence of a periimplant infection. No 
failures occurred during the osseointegration phase (Table 17). Fifty-one implant 
restorations (26.5%) displayed high clinical C/I ratios (CC/I ratio ≥ 2 mm). In this 
group, 3 implants failed after a period of 10 years, giving a cumulative survival rate of 
94.1%. All failures were hollow-cylinder implants. 
 
CRESTAL BONE LOSS 
The average initial crestal bone level at the first-year evaluation was 3.96 ± 0.94 
mm. The mean initial mesial bone level was 3.89 ± 0.98 mm, while the mean initial 
distal bone level was 4.05 ± 1.10. The average final crestal bone level was 4.24 ± 1.31 
mm (mean final mesial bone level 4.18 ± 1.47 mm; mean final distal bone level 4.29 ± 
1.28 mm) (Table 18). Mean total crestal bone loss was –0.24 ± 1.16 mm. Total bone 
resorption at mesial sites was –0.24 mm ± 1.55, while bone resorption at distal sites was 
–0.24 ± 1.58 mm (Table 19). Average annual bone loss was –0.04 ± 0.20 mm. Bone 
resorption according to the degree of annual bone loss is shown in Table 20. Thirty-two 
(16.7%) of the implants lost more than 0.2 mm annually (Fig. 10), while 76 (39.6%) of 
the fixtures lost between 0.01 and 0.19 mm (Fig. 11). Overall, 56.1% of the implants 
lost bone, whereas 43.9% experienced some bone gain (Fig. 12).  
 
C/I RATIO 
Anatomical C/I ratio (Tables 20 and 22): The average anatomical crown 
length was 9.57 ± 2.60 mm, while the average anatomical implant length was 12.01 ± 
1.17 mm. (Table 21). The majority of the implant restorations (75%) displayed an 
anatomical ratio ranging from 0.50 to 0.99. 
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Clinical C/I ratio (Tables 21 and 23): Mean clinical crown and implant lengths 
were 13.57 ± 2.73 mm and 8.01 ± 1.45 mm, respectively. Overall, clinical C/I ratio at 
the first-year evaluation was 1.77 ± 0.56 . Fifty-one implants (26.5%) showed a C/I ratio 
equal to or greater than 2. 
 
PERIIMPLANT SOFT-TISSUE PARAMETERS 
Plaque index (Table 24): Patients in this study demonstrated excellent oral 
hygiene. At the initial exam, 87% of the implant sites displayed no plaque 
accumulation. At the final exam, the number of plaque-free sites even showed a slight 
increase. The change in plaque accumulation between the initial and the final 
examination for the mesial, lingual and buccal sites was not statistically significant 
(Wilcoxon test: mesial, P= 0.052; buccal, P =0.127; lingual P =1). However, distal sites 
reached significance (Wilcoxon test: P=0.002). 
Sulcus bleeding index (Table 25): At the initial exam, 87% of the implant sites 
showed healthy gingiva, with no signs of gingivitis. Findings were similar at the final 
exam. The change in bleeding tendency between the initial and final exams for the 
mesial, distal, lingual and buccal sites was not statistically significant (Wilcoxon test: 
mesial, P = 0.194; buccal, P =0.251; distal, P =0.258; lingual P =0.899). 
Periimplant probing depth (Table 26): Average initial and final probing 
depths were 2.70 ± 0.54 and 2.54 ± 0.46 mm, respectively. There was a statistically 
significant decrease in probing depth from the initial to the final test (Unpaired t-test: P 
= 0.001). 
Periimplant attachment level (Table 26): Average initial and final attachment 
levels were 2.86 ± 0.77 mm and 2.86 ± 0.81 mm, respectively. There was no statistical 
difference between the initial and final measurements (Unpaired t-test: P = 0.897). 
Periimplant recession depth (Table 26): Average initial and final recession 
depths were 0.15 ± 0.54 mm and 0.33 ± 0.70 mm, respectively. There was a statistically 







Average initial and final PTV’s were –2.45 ± 2.97 and –3.24 ± 3.15, respectively. This 




INFLUENCE OF CLINICAL VARIABLES ON CRESTAL BONE LOSS 
Gender (Table 27): Women (–0.04 ± 0.21 mm) and men (–0.04 ± 1.91 mm) 
showed similar annual bone loss rates (ANOVA test; P = 0.891). 
Age (Table 27): Annual loss in patients > 60 years of age was – 0.02 ± 0.19 
mm, while in patients less than 60 years it was –0.06 ± 0.20 mm. Differences did not 
reach significance (ANOVA test: P = 0.116). 
Implant type (Table 28): Annual bone loss around hollow-screw, hollow-
cylinder (Fig 10a and 10b), solid-screw and reduced-diameter implants were – 0.02 ± 
0.19 mm, - 0.13 ± 0.24 mm, – 0.14 ± 0.17 mm and – 0.04 ± 0.12 mm, respectively. 
Statistical analysis revealed statistical differences between hollow-screw and hollow-
cylinder  implants (Tukey test; P = 0.032). 
Implant length (Table 29): Fixtures of 6 to 8 mm showed a loss of –0.05 ± 
0.18 mm, while fixtures of 10–12 mm lost –0.03 ± 0.21 mm (ANOVA test; P = 0.526). 
Implant location (Table 30): The maxillary premolar area experienced more 
crestal bone loss than any other location (–0.10 ± 0.25 mm). This difference was 
statistically significant (Kruskal-Wallis test; P = 0.004).. Molar (–0.04 ± 0.16 mm) and 
premolar (–0.04 ± 0.24 mm) locations showed similar bone loss (Kruskal-Wallis test; P 
= 0.89). 
Bone quality (Table 31): Fixtures placed in bone type I showed –0.06 ± 0.18 
mm of crestal bone loss, while fixtures placed in type III locations displayed –0.01 ± 
0.23 mm. However, no statistical significant difference was found in the extent of bone 
resorption around fixtures placed in locations with different bone types (ANOVA test; P 
= 0.153). 
Splinting (Table 32): Bone loss was –0.05 ± 1.93 mm around implant-
supported fixed partial dentures (Fig. 12a and 12b), – 0.01 ± 0.25 mm around single-
tooth implants (Fig. 14a and 14b), and –0.03 ± 1.81 mm around implant–tooth-
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connected restorations. The differences among groups were not statistically significant 
(ANOVA test; P = 0.686). 
Cantilever extensions (Table 33): Implant restorations without cantilever 
extensions (–0.05 ± 0. 21 mm) experienced crestal bone loss similar to that of implant 
restorations with cantilever extensions (–0.01 ± 0.17 mm) ( ANOVA test: P = 0.213). 
The presence of either a distal (0.01 ± 0.18 mm) (Fig. 15a and 15b) or a mesial (–0.06 ± 
0.15 mm) (Fig 16a and 16b) extension did not influence crestal bone loss (ANOVA test; 
P = 0.172). 
Anatomical C/I ratio (Table 34): Implants with lower C/I ratios showed a 
more statistically significant crestal bone loss (–0.21 ± 0.38 mm) than implants with 
higher C/I ratios (–0.04 ± 0.170 mm) (Kruskal-Wallis test; P = 0.013). 
Clinical C/I ratio (Table 35): Comparisons of annual bone loss in groups a (– 
0.34 ± 0. 27 mm), b (–0.03 ± 0. 15 mm), and c (–0.02 ± 0. 26 mm) (Figs. 17a and 17b) 
yielded statistical significance (Kruskal-Wallis test; P = 0.001). 
Smoking (Table 36): Thirty-three implants (17.2%) were placed in smokers. 
Smokers showed –0.09 mm ± 0. 27 mm of crestal bone loss, while non-smokers 
displayed –0.03 ± 0.18 mm. However, the statistical analysis did not reveal any 
significant difference between both groups (Kruskal-Wallis test; P = 0.454). 
Mode of prosthesis retention (Table 37): Annual bone loss in screwed and 
cemented implant restorations was –0.03 ± 0.19 mm and - 0.06 ± 0.22 mm, respectively 
(ANOVA test; P = 0.318). 
Periimplant probing depth (Table 38): The change in probing depth around 
implants that gained bone was –0.23 ± 0.60 mm, while in implants which lost bone the 
value was –0.12 ± 0.73 mm. The difference between groups was not significant 
(ANOVA test; P = 0.256). 
Periimplant attachment level (Table 39): The change in attachment level was 
0.16 ± 1.08 mm in implants that lost bone but –0.18 ± 0.80 mm in implants that gained 
bone. The statistical analysis revealed significance (Kruskal- Wallis test; P = 0.011). 
Periimplant recession depth (Table 40): Implants that lost bone displayed a 
change in recession depth of 0.27 ± 0.70 mm, whereas the change in implants which 
gained bone was 0.06 ± 0.57 mm. The ANOVA test displayed statistical difference 
between groups (P = 0.025). 
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PTV’s (Table 41): The change in Periotest value in implants that lost bone was 
–0.61 ± 3.38 mm, but in implants which gained bone it was –1.02 ± 3.45 mm. The 







The results of this study demonstrate that ITI dental implant restorations placed 
in the posterior area of the jaw show excellent survival rates and limited crestal bone 
loss rates. Additionally, clinical variables such as age, gender, implant location, implant 
length, bone quality, smoking, mode of prosthesis retention, splinting, and use of 
cantilever extensions did not influence crestal bone loss around dental implants. Finally, 
according to our observations, high and low C/I ratios promote similar crestal bone 
level changes around implant restorations.  
 In this report ITI dental implants show an excellent long-term survival rate in the 
posterior jaw. Only four implants failed during the osseointegration phase, which 
yielded a cumulative survival rate of 97.9 %. These results corroborate other mid- and 
long-term studies using the ITI dental implant system in fully and partially edentulous 
patients (Buser et al. 1991b; Mericske-Stern et al. 1994; Behneke et al. 1997; Buser et 
al. 1997; Weber et al. 2000; Mericske-Stern et al. 2001; Astrand et al 2004; Cornelini et 
al. 2004; Romeo et al. 2004). Similar results have also been noted using other implant 
systems in the partially edentulous patient (van Steenberghe et al. 1990; Quirynen et al. 
1992a; van Steenberghe et al. 1993; Lekholm et al. 1994; Eckert and Wollan 1998; 
Gotfredsen et al. 2004; Mordenfeld et al. 2004; Abboud et al. 2005; Glauser et al. 2005; 
Luongo et al. 2005).  
Our sample showed a drop-out rate of 19.2% of patients. Of all the patients who 
fulfilled the inclusion criteria, 21 failed to attend the maintenance recall and the follow-
up examinations. There are several reasons for these missing patients. First, half of the 
patients who came to the Dental School for implant surgery had the final restoration 
fabricated and placed by the referring dentist. Some of these patients declined to visit 
the school for their bi-annual control. It is known that patients treated in private practice 
are less compliant with recalls than those who receive their care at a Dental School 
(Nevins and Langer 1993). Second, many of the people who live in Geneva work for 
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international corporations and are frequently reassigned to other countries. In this study, 
more tham half of our noncompliant patients (10.2%) moved to another country. 
Finally, the study included implants which were placed at least 5 years beforehand. Due 
to the difficulty of following patients over time, long-term studies are normally 
associated with high drop-out rates (Adell et al. 1990; Lekholm et al. 1994; Jemt 1994; 
Jemt et al. 1996). Overall, our elevated drop-out rate seems to correspond well with the 
results of other longitudinal reports with long observational periods. 
Very few studies have published long-term data on implant-supported fixed 
partial dentures in the posterior regions. The posterior jaw offers special characteristics 
which complicate its rehabilitation. In particular, it displays anatomical limitations such 
as vertical and horizontal bone resorption and poor bone quality (Lekholm and Zarb 
1985). In addition, the posterior jaw quadrants comprise the areas of greatest occlusal 
needs and force (Kumagai et al. 1999). Despite these unfavorable clinical and 
physiological conditions, long-term follow-up evaluations of implant-borne restorations 
in this demanding area of the mouth still provide survival rates higher than 90% (Bahat 
1993; Nevins and Langer 1993; Zarb and Schmitt 1993; Parein et al. 1997; Weber et al. 
2000; Mericske-Stern et al. 2001; Fugazzotto et al. 2004; Mordenfeld et al. 2004; Nedir 
et al. 2004; Renouard and Nisand 2005). The results of our study corroborate such 
previous observations and prove the excellent long-term performance of the ITI dental 
implant system in highly demanding areas of the mouth. 
Mean annual crestal bone loss around ITI dental implants in this study was –0.04 
mm. This finding seems to agree with the results provided by other authors evaluating 
the long-term performance of ITI dental implants (Weber et al. 1992; Behneke et al. 
1997; Moberg et al. 1999; Weber et al. 2000; Mericske-Stern et al. 2001; Astrand et al. 
2004).  
An annual crestal bone loss rate of less than 0.2 mm annually for submerged 
(Albrektsson et al. 1986; Ricci et al. 2004) and non-submerged (Brägger 1998) dental 
implants has been proposed as an acceptable threshold for implant success after the first 
year of implant placement. In our study, 16.7% of the implants experienced bone loss 
above the threshold representing stable bone levels. These data seem to correspond to 
the observations of previous articles on longitudinal short-term and long-term 
radiographic evaluation of dental implants. Several reports on implant systems have 
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shown that, despite very low average crestal bone loss, approximately 20% of the 
sample experienced bone loss above this rate (Chaytor et al. 1991; Weber et al. 1992; 
Brägger 1998). Interestingly, in these studies and in ours, the mean annual crestal bone 
loss rate was lower than the proposed threshold level (0.2 mm) acceptable for long-term 
implant success (Albrektsson et al. 1986). Nevertheless, 20% of the implants did not 
remain within this threshold. It would possibly be more realistic to report data on 
implant success according to the number of implants experiencing bone loss above and 
below the acceptable bone loss threshold, rather than presenting crestal bone loss as a 
mean value, which could overestimate the implant success of the study. Based on this 
observation, the criteria for long-term success around dental implants should be 
redefined, since some studies show very low average annual bone loss and excellent 
implant survival rates (Chaytor et al. 1991; Weber et al. 1992; Brägger 1998), although 
some of these implants did not fulfill the Albrektsson criteria for success (Albrektsson 
et al. 1986). 
Some of the implants in this study (43.9%) showed crestal bone gain around the 
fixtures during the evaluation period. Such bone response has been observed in several 
longitudinal clinical studies (Adell et al. 1981; Quirynen et al. 1991; Quirynen et al. 
1992a; Weber et al. 1992; Avivi-Arber and Zarb 1996) and is attributed to the capacity 
of the loaded fixtures to stimulate remodeling of perifixtural bone (Adell et al. 1986). It 
seems that the stress concentration at the bone crest induced by the masticatory forces 
may stimulate bone formation around some fixtures, while in others it may induce bone 
loss. The threshold above which bone stress causes resorption has not yet been 
established (Brunski 1999). Some authors have suggested that this threshold may be 
genetically related (Rubin and McLeod 1990). The author also acknowledges that 
another possible explanation for this observed crestal bone gain may be  attributed  to 
error of measurement. 
The methodology for the radiographic assessment of crestal bone loss in the 
present study included the use of standardized periapical radiographs taken with the 
Rynn System holding device and the long-cone paralleling technique. Comparison of 
bone level between the initial and final radiographs was performed by projecting the 
radiographs on a screen with a magnification factor of 13x. Measurements were taken 
twice, at least one week apart. This methodology is similar to the technique used by 
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other authors who reported a very low measurement error of 0–0.3 mm (Brägger et al. 
1998).  
Several methods have been utilized to standardize radiographic measurements 
around dental implants. The use of standardized radiographs has been proposed as a 
reliable approach to reduce measurement error when comparing measurements between 
radiographs taken at different points in time (Sewerin 1990). In order to standardize 
periapical radiographs, several radiographic techniques have been suggested. Bite 
blocks (Larheim et al. 1979; Weber et al. 1992) or special radiographic holding devices 
(Eggen 1969; Hollender and Rockler 1980; Cox and Pharoah 1985; Strid 1985a, b; 
Adell et al. 1990, Meijer et al. 1993) have been proposed as reliable and precise 
techniques to reduce measurement error in periapical radiograph landmarks. The 
reported measurement error in the assessment of crestal bone loss in periapical 
radiographs taken around dental implants with special holding devices varies between 
0.13 mm (Eggen 1976; Meijer et al. 1993) and 0.3 mm (Hollender and Rockler 1980). 
Further refinement of the measurement error has been accomplished by using a bite 
impression, which has been shown to reduce such measurement error (Eggen 1976; 
Weber et al. 1992). 
As in previous articles, our study utilized special holding devices to standardize 
the radiographic procedure. Further standardization with the use of bite impressions was 
not possible due to the inherent difficulties of this approach in a long-term evaluation. 
However, the mean difference between the first and second radiographic measurement 
of peri-implant crestal bone level (0.02 mm) compared favorably with that of other 
studies using special holding devices (Eggen 1976; Hollender and Rockler 1980; Adell 
et al. 1990; Brägger et al. 1998).  
Various techniques have been used to evaluate radiographic assessment of 
crestal bone loss around dental implants. In some studies, the radiograph was projected 
onto a screen (Brägger et al. 1998), while in others, the authors used computerized 
images aided by a software system (Weber et al. 1992). The approaches provided 
similar measurement errors. In our study, we felt more comfortable assessing the bone-
to-implant contact with projected radiographs rather than with digitized images. Our 
results corroborate the measurement errors reported by others using this approach. 
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 In the present report, crestal bone loss varies according to implant designs. 
Hollow-cylinder implants showed greater bone loss than the hollow-screw design. This 
finding seems to confirm not only in vitro photoelastic models demonstrating that non-
threaded implants display more bone stress around the entire periphery than threaded 
implants (French et al. 1989; Deines et al. 1993), but also long-term clinical evaluations 
of hollow-cylinder implants (Buser et al. 1997; Karoussis et al. 2004b ). However, other 
authors have suggested that bone loss around ITI dental implants is independent of the 
presence or absence of threads on the implant design (Pham et al. 1994; Brägger et al. 
1998).  
The ITI dental implant system was designed to provide a C/I ratio more 
favorable than that of other submerged implant systems. With the implant shoulder 
placed 2.8 mm above the bone crest, the resulting clinical restoration displays a shorter 
crown and a longer implant than a restoration in which the shoulder is placed at the 
bone crest. With the implant shoulder coronal to the bone crest, the lever arm of the 
bending moment (height of the crown) is decreased, and the resulting crestal bone stress 
is diminished. Since bone stress has been associated with crestal bone loss (Lindquist et 
al. 1988; Quirynen et al. 1992a; Tashkandi et al. 1996; Barbier and Schepers 1997), 
unfavorable C/I ratios could lead to greater long-term bone loss rates. Unfortunately, 
very few studies have attempted to validate this theory in clinical trials. A recent 
publication stated that the C/I ratio is not associated with peri-implant crestal bone loss 
(Rokni et al. 2005). Regrettably, ITI dental implants were not utilized in these studies. 
In the present study, two different C/I ratios were established. For the anatomical 
C/I ratio, the fulcrum for the bending moment is located at the implant shoulder, while 
for the clinical C/I ratio, this fulcrum is placed at the most coronal bone-to-implant 
contact. As a result, the anatomical C/I ratio shows a lower lever arm, and theoretically, 
a biomechanical situation more favorable than the clinical C/I. Contrary to this 
hypothesis, our investigation indicated that crestal bone loss is not influenced by either 
anatomical or clinical C/I ratios. According to these findings, the bending moment 
caused by long lever arms (high crowns) appears to stimulate crestal bone levels. This 
bone reaction could well correspond with the concept that microscopic damage to the 
bone caused by bending moments act as a stimulus for bone repair and remodeling, and 
that following a bone demineralization reaction, remineralization of the bone occurs 
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(Brunski 1999). The results of our study correspond with observations made in other 
animal (Celleti et al. 1995; Barbier and Schepers 1997) and human long-term implant 
studies (Lindquist et al. 1996; Rokni et al. 2005). In these reports, implants subjected to 
biomechanically unfavorable non-axial loading forces, similar to the ones observed in 
cases of high C/I ratios, did not cause an increase in crestal bone loss. 
Our final conclusions should be made with reservations. First, our patients 
demonstrated excellent oral hygiene, with very few areas of plaque accumulation at the 
first and final clinical examinations. Several authors have suggested that plaque has a 
detrimental effect on crestal bone stability (Lindquist et al. 1996; Hultin et al. 2000; 
Kourtis et al. 2004), and therefore our results and conclusions should only be applied to 
patients who exhibit proper plaque control. Second, although our study includes a wide 
variety of implant restorations, the sample lacked extreme biomechanically unfavorable 
clinical situations. The number of cases in our study with clinical C/I ratios greater than 
3 was low (4.2%), and most of the implant restorations were splinted (81.4%). It has 
been proposed that splinting of implant restorations may provide a better distribution of 
the occlusal load (Rangert et al. 1997). Consequently, most of the theoretically negative 
effect of the C/I ratio could be diminished by the protective scenario provided by 
splinting. In addition, in our report, no prosthetic variables were collected. It has been 
suggested that negative overload conditions, such as cantilever extensions or 
unfavorable C/I ratios, do not have a detrimental effect on crestal bone loss or implant 
survival, but rather on prosthetic components ( Carlsson and Carlsson 1994; Eckert and 
Wollan 1998; Lang et al. 2004). As a result, further long-term clinical and 
radiographical research should be performed in order to fully understand the effects of 
the C/I ratio on the performance of dental implant restorations. 
The periimplant soft tissue parameters reported in this study seem to be in 
agreement with those of previous longitudinal clinical trials with the ITI dental implant 
system (Buser et al. 1991b; Mericske-Stern et al. 1994; Behneke et al. 1997; Brägger et 
al. 1997; Weber et al. 2000; Mericske-Stern et al. 2001; Karoussis et al. 2004a). The 
patients in our study demonstrated consistently excellent oral hygiene, which certainly 
contributed to the health of their periimplant tissues. For the majority of the implants, 
periimplant bleeding was low, stable and infrequent, which seems to be in accordance 
with the reported plaque index. Peri-implant probing depth decreased significantly over 
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time. This finding disagrees with the majority of studies, which report an increase in 
pocket depth (Buser et al. 1991b; Behneke et al. 1997; Weber et al. 2000; Karoussis et 
al. 2004a). Such controversial results could be attributed to the amount of recession that 
occurred in our report. Indeed, the recession depth of our implants increased 
significantly, from 0.14 mm at the initial evaluation to 0.32 mm at the final evaluation, 
and this increase could account for the decrease in probing depth.  
Attachment level remained stable in our study, and we did not observe the 
increased attachment levels reported by other studies. In general, our results 
demonstrate that ITI dental implant restorations provide good stability of the peri-
implant soft-tissue complex. This stability seems to correspond well with the 
insignificant average crestal bone loss change observed.  
One study reported that periimplant probing around dental implants is a good 
predictor of crestal bone loss. Additionally, there is scientific evidence of a correlation 
between the level of bone and the probe penetration (Quirynen et al. 1992b; Brägger et 
al. 1996). Our data seem to agree with these observations. There was a significant 
correlation between attachment level and crestal bone loss in our study. According to 
our results, implants with crestal bone loss displayed increasing attachment levels over 
time, while implants with crestal bone gain showed the opposite. Contrary findings have 
been presented by other authors (Weber et al. 2000). Study design differences could 
explain the controversial findings. First, in the Weber study, dental implants were only 
followed for 5 years. And second, crestal bone loss was evaluated with panoramic 
radiographs, which has been found to be less precise in the assessment of crestal bone 
loss (Penarrocha et al. 2004).  
Periotest values (PTV’s) have been utilized to evaluate the damping 
characteristics around implants. Although some authors have suggested that the 
Periotest is useful in providing information on the early osseointegration status of the 
fixtures (Olive and Aparicio 1990; Teerlinck et al. 1991; Aparicio 1997), its value as a 
monitoring and prognostic test for implant outcome is under discussion. The Periotest 
does not correlate with crestal bone loss or the proportion of bone-to-implant contact 
unless clinically detectable mobility is present (Isidor 1998). Second, the Periotest 
exhibits a wide range of variability depending on implant design, implant length, bone 
quality and length of follow-up time (Salonen et al. 1997). Longitudinal clinical studies 
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have demonstrated this variability, with PTV´s  values ranging from –8 to +8, although 
implants behaved well clinically and radiographically (Buser et al. 1991b). Our results 
indicate that the Periotest value tended to diminish over time. This observation could be 
explained by the tendency of corticalization known to occur around implants over long 
periods of time (Adell et al. 1981; Adell et al. 1986; Mericske-Stern et al. 2001). 
Additionally, we noted that Periotest values did not correlate well with crestal bone loss 
over time, confirming the lack of validity of this parameter as a predictor for crestal 
bone loss. This observation has been confirmed by Brägger et al. (1996) as well. 
Our results indicate that neither age nor gender influences crestal bone loss 
around dental implants. This seems to be in agreement with previous observations on 
longitudinal evaluation of different implant systems (Chaytor et al. 1991; Jemt et al. 
1992; Palmqvist et al. 1994; Hutton et al. 1995; Brägger et al. 1998).   
Poor bone quality has been associated with implant survival rates (van 
Steenberghe et al. 1990; Friberg et al. 1991; Jaffin and Bernard 1991; Jemt 1991; Bahat 
1993; Lekholm et al. 1994; Jemt and Lekholm 1995; Hutton et al. 1995; Snauwaert et 
al. 1999; Carlsson et al. 2000). However, the influence of poor bone quality on crestal 
bone loss seems difficult to establish. While some authors noted higher crestal bone loss 
rates in implants located in areas of poor bone quality (Adell et al. 1981; Ahlquist et al. 
1990), others have reported no correlation (Quirynen et al. 1992a; Kemppainen et al. 
1997; Brägger et al. 1998; Glauser et al. 2005). Reasons for these controversial results 
may be attributed to the observation times of the studies. In the former reports, the 
greater crestal bone loss observed in the first years tended to disappear with longer 
periods of follow-up (Adell et al. 1981; Ahlquist et al. 1990). This finding has been 
associated with the remodeling of the peripheral bone around implants during the first 
year of loading (Adell et al. 1986). Our results  agree with long-term implant 
evaluations, which showed no correlation between crestal bone loss and bone quality. 
Tobacco has been shown to have a deleterious effect on both osseointegration 
(De Bruyn and Collaert 1994; Gorman et al. 1994; Bain 1996; Hultin et al. 2000; Bain 
et al. 2002; Lemmerman and Lemmerman 2005) and crestal bone loss (Lindquist et al. 
1996; Hultin et al. 2000; Oates et al. 2004; Nitzan et al. 2005). Our results indicate that 
smokers  do not show more crestal bone loss than non-smokers, however, these findings 
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should be interpreted with caution, as only 17% of the implants included in our study 
were placed in smokers. 
Like insufficient bone quality, the amount of jaw resorption, and thus the length 
of the fixture, has often been associated with lower implant survival rates in implants 
with smooth titanium surfaces (van Steenberghe et al. 1990; Bahat 1993; Lekholm et al. 
1994; Hutton et al. 1995; Jemt and Lekholm 1995). Contrary to these findings, others 
have reported no difference in implant survival between long and short fixtures with 
rough surfaces (Buser et al. 1997; Feldman et al. 2004; Griffin et al. 2004; Nedir et al. 
2004; Renouard and Nisand 2005). The use of a rough surface has been found to 
provide a greater area for osseointegration and a better implant loading capacity (Buser 
et al. 1990). Information on the influence of the amount of bone resorption on the 
average crestal bone loss is scarce. The majority of studies agree that crestal bone loss is 
not affected by implant length in either the fully edentulous (Quirynen et al. 1992a; 
Jemt et al. 1996) or the partially edentulous patient (Brägger et al. 1998; Renouard and 
Nisand 2005). Our results seem to corroborate these findings. 
Splinting multiple dental implants has been recommended in the prosthetic 
rehabilitation of fixtures placed in the posterior part of the jaw in order to reduce load 
risk factors, and thus crestal bone loss and metal fatigue (Rangert et al. 1997; Vanden 
Bogaerde et al. 2004). However, the use of single units offers a more comfortable 
prosthetic approach: elimination of additional laboratory steps, better emergence 
profiles, improved passive fit of the metal framework, and better access for oral hygiene 
(Solnit and Schneider 1998). Several longitudinal studies have demonstrated that single 
implant restorations show excellent survival and low crestal bone loss (Henry et al. 
1996; Andersson et al. 1998; Scheller et al. 1998; Mericske-Stern et al. 2001; 
Wennstrom et al. 2005). Our results indicate that there is no significant difference in 
crestal bone loss rates between splinted and non-splinted dental implant restorations. 
This finding may be coincidental, since only 13% of our sample consisted of such 
single-implant restorations. Although our report does not include information on 
prosthetic complications, our observations corroborate the findings of others who 
suggest that single-implant restorations could be a viable option for the rehabilitation of 
the posterior part of the jaw (Mericske-Stern et al. 2001; Wennstrom et al. 2005). 
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The cemented approach compares favorably with the screw-retained mode 
(Alkan et al. 2004; Assenza et al. 2005). The higher the esthetics, the better the 
occlusion, and the simpler prosthetic protocol provided by the cemented mode of 
retention has changed prosthetic planning in implant dentistry. Our results corroborates 
other reports where cementation was found  be associated with stable crestal bone levels 
(Vigolo et al. 2004). However, further research is needed in order to investigate the 
bone loss associated with deeper cemented crown margins, since in the majority of our 
implant restorations the implant shoulder was at the gingival level.  
Cantilever extensions on dental implants have been used since the early 1980’s. 
The hybrid prosthetic design of complete fixed-detachable implant-borne prostheses 
used cantilever extensions in order to provide molar occlusion in the presence of 
inadequate bone height in the posterior areas of the mouth. Several authors have 
reported an increased load on the fixture nearest to the cantilevered end, which could 
elicit crestal bone stress around the distal fixture. This cantilever-induced stress has 
been shown with different research models, such as the use of a finite element analysis 
(Sertgoz and Guvener 1996; Yokoyama et al. 2004), the photoelastic model (White et 
al. 1994) and the use of bone strain gauges placed around the implants (Tashkandi et al. 
1996). Nevertheless, longitudinal long-term clinical studies do not confirm the results 
observed in vitro (Lindquist et al. 1996; Romeo et al. 2004; Wennstrom et al. 2004b) 
Our results also suggest that the use of single-tooth cantilevered extensions either in the 
distal or the mesial aspect of the implant restorations does not influence crestal bone 
loss around dental implants. This observation was not expected, because distal 
cantilevered extensions have been shown to induce a less favorable stress distribution 
and a higher stress concentration on the bone crest (White et al. 1994; Tashkandi et al. 
1996). According to these results, either mesially or distally cantilevered extensions 
may be a good alternative to other surgical options such as lateral ridge augmentations 
and sinus lift elevation, which require longer and more uncomfortable healing periods 
(Hallman and Zetterqvist 2004; Szabo et al. 2005; Zijderveld et al. 2005). These 








1. The cumulative survival rate of 192 ITI dental implants placed in posterior areas 
of 83 patients followed during a period of 10 years was 97.9 %. 
 
2. Mean annual radiographic crestal bone loss around the ITI dental implants 
included in the study was –0.04 mm. However, 16.7% of the implants showed 
an annual crestal bone loss greater than 0.2 mm/year. 
 
3. Age, gender, implant length, bone quality, smoking, splinting of the implants, 
presence of distal cantilever extensions and mode of prostheses retention were 
not associated with crestal bone loss. 
 
4. Hollow-cylinder implants showed greater bone loss than hollow-screw implants. 
Accordingly, the use of the former should be contraindicated in the posterior 
region of the mouth. 
 
5. Increase in recession depth and in attachment level was significantly associated 
with crestal bone loss, confirming that these periodontal parameters are good 
clinical predictors of bone loss around ITI dental implants. On the contrary, 
increase in probing depth and PTV were not significantly associated with crestal 
bone loss, suggesting that such periodontal parameters are not suitable to predict 
crestal bone loss. 
 
6. Implant restorations with high C/I ratios (C/I ratio ≥ 2 ) showed a cumulative 
survival rate of 94.1%. Consequently, and within the limitations of this study, it 
can be concluded that implant restorations with high clinical C/I ratios do not 
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show higher risk of fixture loss when compared with implant restorations with 
low C/I ratios.  
 
7. Implant restorations with lower clinical C/I ratios showed a statistically 
significant greater crestal bone loss than implant restorations with higher clinical 
C/I ratios. As a result, the use of implant restorations with clinical C/I ratios of 




Table 1. Perimplant crestal bone loss (mm/year) during different periods of healing 
(Adell et al. 1981). 
 
 
 PHASE OF HEALING 
 HEALING REMODELING EQUILIBRIUM 
 Upper jaw Lower jaw Upper jaw Lower jaw Upper jaw Lower jaw
Development group 1.2 ± 0.9 0.7 ± 0.9 0.1 ± 0.8 0.1 ± 0.4 0.1 ± 0.4 0.1 ± 0.8 
Routine group I 1.3 ± 1.1 1.0 ± 1.0 0.2 ± 0.9 0.1 ± 0.4 0.1 ± 0.6 0.1 ± 0.5 
Routine group II 0.7 ± 1.0 0.3 ± 0.5 0.6 ± 0.8 0.8 ± 0.8 0.1 ± 0.6 0.1 ± 0.6 
 
Table 2. Crestal bone loss around dental implants placed in fully edentulous patients  
 












Adell et al. 1981 2768 81-91% 15 years 0.83 mm 0.36 mm 
Adell et al. 1986 95 - 3 years 0.9 mm 0.05 mm 
Lekholm et al. 1986 125 - 15 years 0.20 mm 0.07 mm 
Chaytor et al. 1991 274 - 9 years - <0.1 mm* 
Quirynen et al. 1991 196 100- 94.4% 4 years 0.8 mm <0.1 mm 
Johns et al. 1992 510 81.2 - 96.2% 1 year 0.37 mm - 
Quirynen et al. 1992a 589 91.6 - 95% 3 years 0.7 mm 0.15 mm** 
Jemt 1994 449 92.1% (max) 5 years 1.1 mm 1.15 mm 
Jemt and Book 1996 510 72.4 - 94.5% 5 years - 0.65 mm***
Naert et al. 1997 449  97% (mand.) 9 years 0.7 mm 0.05 mm 
Ferrigno et al. 2002 1286 95% 10 years - - 
**  Crestal bone loss per patient and per number of prostheses for the same patient. 
***  Mean crestal bone loss during the 5-year period. 
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Table 3. Crestal bone loss around dental implants in partially edentulous patients 
restored with implant-borne fixed partial dentures. 
 










Van Steenberghe et al. 1990 558 95.4–95.4%* 1 year 0.4 mm - 
Quirynen et al. 1992a 509  94.3–93.5% 6 years 0.9 mm 0.1 mm 
Van Steenberghe et al. 1993 558 93.9–93.9%* 3 years 0.4 mm 0.03 mm 
Jemt and Lekholm 1993 259 97.2–97.2%* 5 years - 0.7 mm** 
Lekholm et al. 1994 558 92–94% 5 years 0.4 mm 0.3 mm **
Glauser et al. 2005 102 97.1% 4 years - 1.3 mm 
**  Mean crestal bone loss during the 5-year period. 
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Table 4. Crestal bone loss around single dental implant restorations. 
 












Laney et al. 1994 107 100 % 3 years - <0.1 mm 
Andersson et al. 1995 65 97.3 % 3 years 1.41 mm 0.13 mm 
Avivi-Arber & Zarb 1996 49 98% 8 years 0.38 mm 0.07 mm 
Henry et al. 1996 107 98.3% 5 years - < 0.1 mm*
Palmer et al. 1997 15 100% 2 years 0.02 mm 0 mm 
Karlsson et al. 1997 47 100% 2 years 0.20 mm 0.11 mm 
Kemppainen et al.1997 102 98.9% 1 year 0.1 mm - 
Andersson et al. 1998 65 98.5% 5 years 1.41 mm - 
Scheller et al. 1998 99 95.9% 5 years 0.45 mm < 0.1 mm 






























Weber et al. 1992 80  - 2 years 3.88 mm* 3.85 mm* 
Pham et al.1994 103 - 2 years ** ** 
Behneke et al.1997 320 97.1% 3 years 0.8 mm 0.1 mm 
Brägger et al. 1998 57 - 1 year 0.78 mm - 
Brägger 1998 97 98.9% 5 years 0.53 mm 0.72 mm***
Moberg et al. 1999 30 96.7% 5 years 0.25 mm 0.2 mm****
Mericske-Stern et al. 2001 109 99.1% 9 years 2.80 mm* 3.2 mm* 
Astrand et al. 2004 77 97.3% 3 years 1.4 mm 1.3 mm 
*    Crestal bone level from the implant shoulder. 
**   Percentage of crestal bone loss. 
***  Mean total crestal bone loss between 1st and 5th years. 
**** Mean crestal bone loss occurring after the first year. 
 
 




Reasons for implant and patient withdrawal Implants Patients 
Implants placed 10/89 to 1/94 247 109 
Not compliant with recall  17 8 
Moved to another country 24 11 
Deceased 3 2 
X-ray not readable  3 2 
Panoramic 8 3 
Final sample for statistical analysis 192 83 
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 Table 7. Distribution of patients and implants with regard to gender.  
 
Gender Number of implants Percentage (%) 
Male 73  38% 
Female 119  62% 
Total 192  100% 
 
 
Table 8. Distribution of the implants according to design. 
Implant type Number of implants Percentage (%) 
Hollow screw 153 79.7% 
Hollow cylinder 26 13.5% 
Solid screw 9 4.7% 
Reduced-diameter solid screw 4 2.1% 
Total 192 100% 
 
 









Implant length Number of implants Percentage (%) 
6 mm 2 1.0 % 
8 mm 80 41.7 % 
10 mm 102 53.1% 
12 mm 8 4.2% 






Table 10. Distribution of the implants according to their location in the dental arch. 
 
Location Maxilla Mandible Total 
Premolar 40 20.8% 48 25% 88 / 45.8% 
Molar 13 6.8% 91 47.4% 104 / 54.2% 
Total 53 27.6% 139 72.4% 192 / 100% 
 
Table 11. Distribution of the recipient sites according to bone quality. 
 
Bone quality Number of implants Percentage (%) 
Type I 41 21.4% 
Type II 118 61.5% 
Type III 33 17.2% 
Total 192 100% 
 
Table 12. Comparison between the first and second radiographic measurement of peri-
implant crestal bone level (CBLE) . 
  
 Comparison between 1st and 2nd readings 
Readings performed 1536 
Mean difference 0.02 mm 
Standard deviation 0.41 mm 
Minimum difference –2.20 mm 
Maximum difference 1.62 mm 
Differences within ± 0.25 mm 52.3% 
Differences within ± 0.50 mm 82.5% 
Differences within ± 1.00 mm 96.4% 




*Pearson’s correlation analysis. 
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Table 13. Comparison between the first and second radiographic measurement of 
anatomical crown length (ACL). 
 
 Comparison between 1st and 2nd readings 
Readings performed 384 
Mean difference 0 mm 
Minimum difference –0.20 mm 
Maximum difference 0.21 mm 
Differences within ± 0.25 mm 100% 
Differences within ± 0.50 mm - 
Differences within ± 1.00 mm - 




*Pearson’s correlation analysis. 
 
Table 14. Comparison between the first and second radiographic measurement of 
anatomical implant length (AIL). 
 
 Comparison between 1st and 2nd readings 
Readings performed 768 
Median difference 0 mm 
Minimum difference –0.58 mm 
Maximum difference 0.46 mm 
Differences within ± 0.25 mm 100% 
Differences within ± 0.50 mm - 
Differences within ± 1.00 mm - 









Table 15. Distribution of implants according to the mode of connection.  
 
Prosthetic rehabilitation Number of implants / Percentage (%) 
Implant-supported fixed partial denture 156 / 81.3% 
Single-tooth restoration 26 / 13.5% 
Implant–tooth fixed partial denture 10 / 5.2% 
Total  192 / 100% 
 
 
Table 16. Distribution of implants according to the presence or absence of cantilever 
extensions.  
 
Prosthetic rehabilitation Number of implants / Percentage 
No cantilever extensions 139 / 72.4% 
Half-tooth distal extension 22 / 11.5% 
Single-toooth distal extension 14 / 7.3% 
Mesial cantilever extension 17 / 8.9% 
Total 192 / 100% 
 
 
Table 17. Implant failures. 
 
* Patient did not attend the one-year evaluation. Crestal bone loss and clinical C/I ratio could not be 
calculated. 
Design Location Time to loss Diagnosis AC/I R CC/I R Annual bone loss
HC 24 82 months Peri-implant infection 0.90 3.46 –0.27 mm 
HC 35 40 months Peri-implant infection 0.82 1.44 –3.05 mm 
HC 25 81 months Peri-implant infection 0.83 2.40 –0.32 mm 
HS 35 15 months Peri-implant infection ** ** –3.18 mm 
** The implant supported an acrylic provisional restoration until failure. Measurement of the crown  




Table 18. Mean initial and final crestal bone level. 
 
 Crestal bone level 
 Mesial Distal Mean 
First year 3.89 ± 0.98 4.05 ± 1.10 3.96 ± 0.94 
Final year* 4.18 ± 1.47 4.29 ± 1.28 4.24 ± 1.31 
 
 
Table 19. Mean mesial and distal total and annual crestal bone loss. 
 
 Mesial Distal Mean 
Total crestal bone loss -0.24 ± 1.55 -0.24 ± 1.58 - 0.24 ± 1.16 




Table 20. Number and percentage of implants that experienced different degrees of 
annual crestal bone loss. 
 
Crestal bone loss Number of implants Percentage of implants (%) 
–0.01 to –0.09 mm 49 25.5% 
–0.1 to –0.19 mm 27 14% 
> 0.2 mm 32 16.7% 
Total 108 56.2% 
Crestal bone gain   









Table 21. Average anatomical and clinical C/I ratios. 
 




Mean C/I ratio 
Anatomical 9.57 ± 2.60 mm 12.01 ± 1.17 mm 0.80 ± 0.23 
Clinical 13.57 ± 2.73 mm 8.01 ± 1.45 mm 1.77 ± 0.56 
 
 
Table 22. Distribution of implant restorations according to the anatomical C/I ratio. 
 
Anatomical C/I ratio Number of implants Percentage of implants (%) 
0–0.49 13 6.8% 
0.50–0.99 144 75% 
≥ 1 35 18.2% 
Total 192 100% 
 
 
Table 23. Distribution of implant restorations according to the clinical C/I ratio. 
 
Clinical C/I ratio Number of implants Percentage of implants (%) 
0–0.99 8 4.2% 
1–1.99 133 69.3% 
≥ 2 51 26.6% 










Table 24. Distribution of implants sites with different degrees of plaque index. 
 
 Plaque index Initial Final 
Score 0 656 (86.8%) 693 (91.6%) 
Score 1 98 (13%) 63 ( 8.3%) 
Score 2 2 (0.2%)  0 








Table 25. Distribution of implants sites with different degrees of bleeding index. 
 
Bleeding index Initial Final 
Score 0 657 (87%) 666 (88.1%) 
Score 1 97 (12.8%) 89 (11.8%) 
Score 2 2 (0.2%) 1 (0.1%) 




Table 26. Average first-year and final-year follow-ups of periimplant soft tissue 
parameters and PTV’s. 
 
Periimplant indexes Initial Final Difference 
Probing depth 2.70 ± 0.54 mm 2.54 ± 0.46 mm -0.17 mm*  
Attachment level 2.86 ± 0.77 mm 2.86 ± 0.81 mm 0.01 mm  
Recession depth 0.15 ± 0.54 mm 0.33 ± 0.70 mm 0.18 mm** 
PTV’s –2.45 ± 2.97 –3.24 ± 3.15 mm -0.79 mm*** 
*   Unpaired t-test. Initial probing depth > final probing depth. P = 0.001.  
** Unpaired t-test. Initial recession depth < final recession depth. P = 0.001 














Gender Crestal bone loss Age Crestal bone loss  
Male  –0.04 ± 1.32 mm ≥60 years –0.02 ± .19 mm 
Female –0.04 ± 1.22 mm <60 years –0.06 ± 0.20 mm 
 
Table 28. Annual crestal bone loss with regard to implant type. 
 
Implant type Number of implants Crestal bone loss  
Hollow screw 151 –0.02 ± 0.19 mm 
Hollow cylinder 26 –0.13 ± 0.24 mm* 
Solid screw 9 –0.14 ± 0.17 mm 
Reduced-diameter solid screw 4 –0.04 ± 0.12 mm 
 * Crestal loss around hollow cylinder > Crestal loss in hollow screw. Tukey test; P = 0.032  
 
Table 29. Annual crestal bone loss according to implant length. 
 
Implant length Number of implants Crestal bone loss  
6 mm 2 –0.26 ± 0.51 mm 
8 mm 80 –0.04 ± 0.17 mm 
10 mm 102 –0.04 ± 0.2 mm 
12 mm 8 0.05 ± 0.37 mm 
 
Table 30. Annual crestal bone loss with regard to implant location. 
 
Implant location Number of implants Crestal bone loss  
Maxillary premolar 40 –0.10 ± 0.25 mm* 
Mandibular premolar 48 –0.02 ± 0.21 mm 
Maxillary molar 13 –0.01 ± 0.20 mm 
Mandibular molar 91 –0.04 ± 0.16 mm 
 *Premolar location shows more crestal bone loss than any other location. Kruskal-Wallis test; P = 0.004  
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Table 31. Annual crestal bone loss according to bone quality. 
 
Bone quality Number of implants Crestal bone loss  
Type I 41 –0.06 ± 0.18 mm 
Type II 118 –0.04 ± 0.20 mm 
Type III 33 –0.01 ± 0.23 mm 
 
 
Table 32. Annual crestal bone loss according to mode of implant connection. 
 
Mode of implant connection Number of implants Crestal bone loss 
Splinted-implant restorations 156 –0.05 ± 0.19 mm 
Single-implant restorations 26 –0.07 ± 0.25 mm 
Splinted tooth-implant restorations 10 –0.02 ± 0.18 mm 
 
Table 33. Annual crestal bone loss with regard to cantilever extensions. 
 
Type of cantilever Number of implants Crestal bone loss 
Absence of cantilever 139 –0.05 ± 0.21 mm 
Small distal cantilever 22 –0.01 ± 0.11 mm 
Large distal cantilever 14 –0.03 ± 0.25 mm 












Table 34. Crestal bone loss with regard to anatomical C/I ratio. Groups were divided 
according to different C/I ratios. 
 
Anatomical C/I ratio Number of implants Crestal bone loss 
Group a: <0.49 14 –0.21 ± 0.38 mm 1,2,3 
Group b: 0.50–0.99 143 –0.02 ± 0.18 mm 
Group c: ≥ 1 35 –0.04 ± 0.17 mm  
(1) Kruskal-Wallis test for overall comparison P=0.013 
(2) Crestal bone loss in group a>b, Tukey test; P=0.002 
(3) Crestal bone loss in group a>c, Tukey test; P=0.015 
 
 
Table 35. Crestal bone loss with regard to clinical C/I ratio. Groups were divided 
according to different C/I ratios. 
 
Clinical C/I ratio Number of implants Crestal bone loss  
Group a: < 0.99 8 –0.34 ± 0.27 mm 1,2,3 
Group b: 1–2 133 –0.03 ± 0.15 mm* 
Group c: ≥ 2 51 –0.02 ± 0.26 mm* 
(a) Kruskal-Wallis test for overall comparison P=0.001 
(b) Crestal bone loss Group a > Group b, Tukey test; P < 0.001 
(c) Crestal bone loss Group a > Group c, Tukey test; P ≤ 0.001 
 
 
Table 36. Annual crestal bone loss according to smoking status. 
 
 Number of implants Crestal bone loss  
Smokers 33 –0.09 ± 0.27 mm 








Table 37. Annual crestal bone loss according to mode of prosthesis retention. 
 
 Number of implants Crestal bone loss  
Cemented 138 –0.03 ± 0.19 mm 
Screw-retained 54 –0.06 ± 0.22 mm 
 
 
Table 38. Annual crestal bone loss with regard to change (∆) in periimplant probing 
depth. Groups were divided according to implants which gained and lost bone. 
  
Bone level change Number of implants ∆ periimplant probing depth 
≥ 0 (gain of bone) 84 –0.23 ± 0.60 mm 
< 0 (loss of bone )   108 –0.12 ± 0.73 mm 
   
 
Table 39. Annual crestal bone loss with regard to change (∆) in periimplant attachment 
level. Groups were divided according to implants which gained and lost bone. 
  
Bone level change Number of implants ∆ periimplant attachment level 
≥ 0 (gain of bone) 84 –0.18 ± 0.80 mm* 
< 0 (loss of bone )   108 0.16 ± 1.08 mm   
* Kruskal-Wallis test; P= 0.011. 
 
Table 40. Annual crestal bone loss with regard to change (∆) in periimplant recession 
depth. Groups were divided according to implants which gained and lost bone. 
  
Bone level change Number of implants ∆ periimplant recession depth 
≥ 0 (gain of bone) 84 0.06 ± 0.57 mm* 
< 0 (loss of bone )   108 0.27 ± 0.70 mm 




Table 41. Annual crestal bone loss with regard to change (∆) in PTV’s. Groups were 
divided according to implants which gained and lost bone. 
  
Bone level change Number of implants ∆ PTV’s 
≥ 0 (gain of bone) 84 –1.02 ± 3.45 mm 






Figure 1. Types of C/R ratios: Anatomical C/R ratio and clinical C/R ratio.  
 
Figure 2. Examples of a favorable (a) and an unfavorable (b) C/R ratio. 
 
Figure 3.  Mechanism of action of C/R ratio-induced crestal bone stress: under the influence 
of masticatory forces, the activating force induces a bending moment, in which the clinical 






Figure 4. Types of C/I ratios: Anatomical C/I ratio and clinical C/I ratio.  
 
Figure 5.  Mechanism of action of  anatomical C/I ratio-induced crestal bone loss: Under 
the influence of masticatory forces, the occlusal activating force induces a bending moment, in 
which the anatomical crown length acts as a lever arm, causing crestal bone stress. The repeated 
stress could eventually cause bone loss.  
 
 
Figure 6.  Mechanism of action of  clinical C/I ratio-induced crestal bone loss: Under the 
influence of masticatory forces, the occlusal activating force induces a bending moment, in 
which the clinical crown length acts as a lever arm, causing crestal bone stress. The repeated 
stress could eventually cause bone loss. 
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Figure 7. Examples of an unfavorable (a) and a favorable (b) clinical C/I ratio. 
 
   
Figure 8. Periimplant radiographic measurements: 1) AIL: Anatomical Implant length; 2) 





Figure 9. Periimplant clinical measurements:  1) PPD: Periimplant probing depth; 2) DIM: 





           
Figure 10a. Radiographic evidence of crestal        Figure 10b. Radiographic evidence of crestal 
bone loss around hollow-cylinder implants at        bone loss around the same hollow-cylinder  
the1-year evaluation.      implants at the 8- year evaluation. 
  
         
 
Figure 11 a. Radiographic crestal bone level  Figure 11 b. Radiographic evidence  of crestal 
around a  dental implants restoration  at the   stability around the same dental implant  
1-year evaluation.      restoration at the 6-year evaluation. 
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Figure 12 a. Radiographic evidence of crestal  Figure 12 b. Radiographic evidence of crestal  
bone loss around a dental implant restoration  bone gain around an implant restoration at   
at the 1-year evaluation.    the 7-year evaluation. 
 
                      
 
Figure 13a. Radiographic crestal bone level  Figure 13b. Radiographic crestal bone level  
around a splinted-implant  restoration   around the same implant restoration at the 
at  the 1-year evaluation.    5-year evaluation. 
                    
 
Figure 14a. Radiographic crestal bone level  Figure 14b. Radiographic crestal bone level  
around a single-implant  restoration   around the same implant restoration at the 
at  the 1-year evaluation.    6-year evaluation. 
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Figure 15a. Radiographic crestal bone level  Figure 15b. Radiographic crestal bone level  
around a one-tooth distally-cantilevered   around the same implant restoration at the 
dental restoration implant restoration    5-year evaluation. 
at  the 1-year evaluation.    
    
                     
 
Figure 16a. Radiographic crestal bone level  Figure 16b. Radiographic crestal bone level  
around a mesially-cantilevered restoration  around the same implant restoration at the 
dental implant restoration at  the 1-year   8-year evaluation. 
evaluation.   
             
 
Figure 17 a. Radiographic crestal bone level  Figure 17 b. Radiographic evidence of  crestal 
around a dental implant restoration    bone level stability around the same implant 
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